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(57) Abtract : 

A systemized active matrix display in which a pixel 
matrix circuit, a driver circuit and a logic circuit are 
mounted on the same substrate, is formed. A TFT of 
the present invention has such characteristics as to be 
able to operate in a wide driving frequency range of 
0.05 to 2 GHz, and by designing a channel length and 
a film thickness of a gate insulating film of the TFT 
according to characteristics required by circuits, it is 
possible to form a high frequency driving circuit and 
a low frequency driving circuit on the same substrate. 
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saiois Mmsni 





^^AH. 

:^MB1I0IM X^I^^H^CK ^ TFT^ 0.05 U1XI 2GHz°l ^Ef4^ S^Oll CHe 

M D\X\D\, XH^ ^0121 :HI0I^ Q|^3Hi» H^I^h fi^^^ ^^d! CCFdfAH ^:^li^o^Mi Il^Hh 

^gg i]^£f xH^m =?BE m^m mm :?ie^^oii am sick 



£ 1g ^El^ OH^^^ CI^MeilOlM £Aim^ 

£ 2a £ 2e^ ^51^ S§g 5EAim^ 

£ 3^ ^die ^^e|oj ^§ zp^g UEIUi^ TEM MB. 

£ 4b TFT°1 BD\ m^m SEA|6^b 

£ 5a LHJI £ 5cb TFTHJ SAI^b 

£ 6a LHXI £ 6bb CMOS S^2J E^^e £Aimb £3. 

£ 7^ ^^eOllAH ^ m± £A|ofb £S. 

£ 8a LHXI £ 8db CMOS ^ sf^r S^SI Xil^^ £Alohb £S. 

£ 9a UIJI £ 9bb CMOS ^ Hl^^^ g§M £A|o^b £S. 

£ 10a LHX! £ 10db sJ^SJ HHxl ^SSPI £^. 

£ 11a LHXt £ lie b :?IS^ei m^M £A|6Fb £^. 

£ 12a LHXI £ 12cb 4-^ ^A^g ^E}0\U] s\^m M^m^l £S. 

£ 13a LHJI £ I3ce fedlM ^^m^ sl^M M^o\J\ ?^e^ £S. 

£ 14a LHJI £ 14db CMOS ^^°J XM^' gSM £Alth £0. 

£ 15a LHXI £ 15db CMOS =?^9\ g§S £Aimfe £^. 
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£ 16a LHX! £ i6b^ ^oH ^±9^ mD[ ^^mm ^gapl 9\m £2. 

£ 18a LHXl £ 18b^ HAI £Aia^^ 

£ 19a Uill £ 19efe Pb^O|>^0||o^ gSOlIB £A|Sh^ 
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4.^ ^Ahg ^ 





msoi Jim ^ n mopsi msHPi^ 

^ SAHIAHOIIAH D^hm^ &^£x^|g AFg^OI MgH 11 >iEi (TFT) 

^ ^^£lfe ^EIM DHM^>^ P:i^SaiOI{^EIM 0HM^'A§5J oHg SA| SxL EL SA| EC HA| 

^X\m £§^thP)°i ^^011 ^Oia. EE£.K 3Bdel 5i!£|« OHM^^ P^SaiOlM SA| S^I^AH 

A^gm^ ciami^oii 5ioia. 

TFTM A^go^oi g^ :?i&^^oii m± qhm^^ si^a a^s sxii :)i^oi ^^ai 

^^^£iOI ^a. H 01^^ ^^^^WOilAH ^PM OHM^^:: P 01 ( ^ij El ^ QH^^^ IIHyO|£H2£ ^ 
BZ})S\ ^2.^0 51011 2^P. 

^El^ OHM^^ P^M^IOI^ OH^^'r^^^^^ dHxl^ 2| fifriiOj ^K^kQil TFTM bHxiaHI. ^ 

4: 2^)011 eEJ5^^ ^o\m TFTSi :'l^01l 2joH X-IICHah^ 20IP. 

Zl£f ^EIM DH^^:^ P:i;::MaiO|^AH^ 01^ X-il 525093m (Mi sawa et a!.)01l :»HAI£!^ UgOl 

^^EU4 aici. ^aioiiAH^ :?!&^^ofi mt^ m^^±^ HEmibH £]^(^>i<y h£foiw si^ 

2f :>iioiM<i!j HEfoitii 3\^)m shei^ dh^^^ iih^ ^ gg xiimm :'HAim:n s^i), ^e^oiw 

^Pieh ^aioii iJHAiaoi aib u^£f ^^01, eenHj oijeih ohj^^:;:^ p^mbiigi^ D\B^m m± oh 

^ DHM^^ P^MeilOl^ OlEOhXISJ ggI-||M(a:?| pbhOI^:: g)0|| A^g£jffl, H^^sf, 

x-i:i:tii s^ifM s^a^^ ^Ei:?^ i^a^^ii 3:1 2iP. 

Zl£f ^OilAH, sjeoil^ ^PM OH^^>i P>^Sai0|2] ^gsF. H^^^S ££aFfe 4-B£^AH 
SOP (Al^iii- nHy) ^^^01 M2}^0\ 

0! SOP ^^^OI§h e£H^ ^PM OHM^>^ P>:MBI1010il 2j¥ ¥^^£ICH feEl ^^(fiAl ^jM^ 

u ^<i^ g^ tim. x^^\ 3\^)m, tftoiiah u^xidi g^ :?ie^^^oii &xHa^^ ^^^oip. 

3E-iU, n ^^^^ 4- Si^ TFTS ^^^b 0^^£ ^iJ£|01 2^X1 ^P. 3 01^^, ^ 

XH OlgaH ^El^ ^^s^(^?:4i ^^)m Mggh TFTOIIAHfe. feEl al^fif H^m ^gM 

a^fe 9\^m ^^ahfe 5101 [eh^oip. 

OjIM m^, SXH ^^EHOil 9X0\M 900t; S^Sj :'^^X^EIM >t^A1 ^El^ ^^QV(0|^df US M 

P^E|^a})0|Ef^XI 600*C 0\o\9\ Him^ XHSOilAi gS£|fe ^£1^ aro^(ol^b^ XHS MEI^Eiee|)M 

A^g&^ tft:?^ ^^S£|ch sixie^, oie ^ei^ «fetoiiAH^ ^ei a^M 4^ g^^^ ^ge 

D\J]^ TFT°I ^§^mP. 

TFT2i g^^ if^^S TFT AhOI^S &o^Mi CHxH^ S ^ 2^X1°^. XH^ ^01 (SE^ :HI0| 



45-2 



g:)H ^51 ^1998-064841 



s aoi)°j BXHa mmm saioni. Haie] mg^si ^nsh e°j gxi ^^#ol ^eja. oist 

2i°ffl. <ysi^sj smoii/d 01 01^ ^eb sdife sag ea-sho. sEth, ^dis ^►9,^oiife §§ej 
a ms2in{n&\2imaR\)D[ ^mmcA. ^m2in:n tft ^^oii a^ii s§fs se^oi 

Olfe^2^ aOI, TFT HIS^I^OIIAHfe ^SfOll 3HAI£I^ b^2^ ^01 QHM^>: a±mii\ 

SBH oigsm sie ^aie&^oii m^m igfet (ge :nioim§ sjii sji ^eHxi^E|)o| g 
^. ^81 ^4^5J- g§^s oimoK)i. ^ :n^iif ^esi chj= ^oiie ch^ 

& iGFETS m^m 4= aia. naiu, b§§ ^eis ^loim^oii g^m^ iGFEToiiAHfe. ^ 
oi:?i ?i8HAi 30ia sois gr:Hi 5^e ^ai exHy &i&:>i UEfUfe suph sm. 

OEfAH, IGFETfe XHS EH soj Kggh j^iSPf ^SSMI BH^, HIS SSOl ^SSt 

?ii afe 5!e nisK)i ic m^i x^^m ^egcnuigf ic ifsiif^ 

A^g8^fe 201 esom. 

II^£^A^, sshhi iii^oiiAHfe mm ?ie Efe s&^oii n^m tai asa xi^w ^mm 

£1 ass axHShfe as 01^:2, 3 201 sop =?^m ^esfe aioii sioiahsj s sshs aoi s^a. 



^s(Efe 3ime} ?s)oii mgg 4= si^ as» #xh&. h^hi ^ aui^^g °a 
Ei^ oHs^^i ci^saiois ^^spi ?ieh Taissh^ ae ii^nis eia. 3£|& ^hei^ 
DHM&i^i ci^iSBiioia oig& 4:§oiDi siJhe! s§f cibhoi^is ^^ohui mssFfe 

E. S S/dl/H gOII SlOiAH ^ijEIM CI^MBIIOiaffe fe^S 9liEI« DH^^i^l SA| Sx| S! Zl 

iJi^s :5iEhE S&AI34 A^ss^3 sia. ^. 011s sheim dhm^^^s ewg sai 

SxIS Otis ga. eijEIS OHS^^ CI>iMe||0|£^fe ^Ollfe sijEl^ DI|S§=!ii.g ej|§ HA| Sxl ^B Oh 
L|£h ?!iEI^ DHMS^:^; :>I»(TFTS g^Shfe :>!&)£ S&Sfe SES 

S gAIIAiOII/H 3HAIohfe ^^SS. 

□4^o| c:m^o| :Hioisd ^ cj^^o] Tpjg 5joj£ 5i,^shw ^^gfe oh^§^:^ ussf. 

feOI ±i^^m ^SShfe ^>;<y E£hOIW as il :HI0IS<MS ^SShfe ^ilOISd E£h0lb1 sJS« 

SI01E S&Shfe E£FOItH aS£f, 

E£mim ass ^mapi ?1oHah ^esh <!i!£2f a^i^ DH^^:ii¥oii aesife §hs s 
ifshfe <Mss xH£ishfe fe£i asg :Jie^oii uHxishoi ?^afe smeim oHM^ii: p^saioi. e 
fe, feoi aiSi oHESj^ SIS. H£foibH as gj ass iJie^^oii uHxitf e^Eis ohm^':^: ui 

e iy 5Hg 5HEIH DHM§=!i!i :?l&0)| CHlfShOl UHxISIfe 3ie°J AhOIOII ^SES 

e ^^S2j smfe, 

&^:)| a:i: DHss^>: as, E£hoim as s fe£i asfe ss^s iif^ ^£i& 212^ tft 
s ^^affl. 

cH ife^ ssol sE^ohoi g.aafe I'm!! sife ae ^§es t^a. 

&^:?| 5MEIM OHSi^'^ P^iSaiOIOII SIOIAH. 

m^^±L as, EEfoibH as ^ t£i asfe ?>fe ^£is ^^e^oii a4-°j tft 

s ^^aoi, 

^►:>i ^£ie 9|e|g :?^5hfe a^p eiQi g§o| g§ ^;I;^:J^ 2^3S!ss a 

^aoi 2ill, 9H£IO]0)I SIOIAH ^§5!ES B^SOIEm 4= aS ^§ES f.K:f. 

E&, Cfe ^SS, 

Af:3| oHE|« OHEeii^ C|i^:SaiO|0|| SlOjAH, 

^►51 a4: oHM^^i as, E£hoitn as gy fe£i asfe i^fe ^£ie ^^^ioh ojgj ^^^oi 

s ^sam, 

&^:)| a4=2| TFT2I AHH::^5!!^E N XHy§ TFT S P XHy§ TFT 60 L41XI lOOmV/decadeej a 
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DH^^^ si^, ^BFoitfj ^ai sis^ ^t: ^'^'o\\ 9\m at^9\ tft 

^Ol a4^Hj TFT°I xHy ^OI(L) / EE^ :>]fOI^ ^^Q^oi ^j)||(T)fe, oH S P^^^^j TFT^ 
OH^^^ P^MBilOIOil SiCHAH. 

DHM^:^ ^dFoim sj^ ^ ^ai mm^m ^^^^oii 9\m q^9\ tft 

^yj\ c\^9] TFTSI L4j , ^fi^ ^§ ^m4^:?h 0.1 GHz 01 ^^m^ TFT°^ :>1I01M 

S\ °| 500A 0181-01^, mO.^ S^OI 10VM si^M ^^6^^ TFT^ >t!0IM.^2^ 

m ^THI^ 1000A 0\^21 3im ^S^^ el-P-. 

EEE^. QB ^^9\ 

^^:?| ^El^ DH^^^ CI^MBIIOIOll S^OiAH, 

4^:?! DHM^^ a^. HShoitH a^ ^ feai is^M i;?^ ^ai^ ^^^^oii tft 
Q^9\ TFToii^ iQ^n^ ^mm TFT2f iiLHE^ tft:?^ EAiow gxHmin 3jm ^s^^ m 

a, 

m± mm^± u^, ^a^oihH us ^ ^bi asfe §§^m ^aie ^^^^oii °iev 0^2] tft 

EE^ s^^oi ^oi£ zmnsi m^:)\ ^m^^ ^s^s ^q. 
oimoii :?ixH6h^ ^Aiojioii 9Jio\M ^^M\m m^m lym^ 51°^ mo. 



(^AIOII 1) 

OHS^^ P^MSIIOI^ I'IEK 101)^^011 a^ DHS^^ ajS(102). HdhOIW sJS(103). :>ilO|S^ 

Edhoitu as(i04) ^ fedi as(io5)M m^^m ^^^P. 

EE. ^ ^AlOilOll U&U)^ as eXI ^ ^AIOIIM UEfLH^ 510|ffl. aS 0151011 

^ 5!^ o^pp. e ^^saj figB, ::'ie^^oii tP as(i05)e exnam s-i^ 510111, 1^.01 a 
4i QHM^^ as{io2), Hdhoiwi as(io3), y\o\^^ Hpoim as{io4). ^p as{io5)£f 
as°i as my\s\ m^m opai &p. 

£ 1011 S^OIAH, HPOItH aS(103)^ ^S AIHS BIIXl^P, Bil^ A|HP. mni. BHx! aS ^ 

OS :HIO|S<y ^POIW aS(104)^ ^S AIHS aiXti^EH, ^PM^AH. 51!^ AIHP. bHUH 

e^s ^^£101 2ip. mm, aihs biixi^pm as, oiis 3f^p ^ p^ 

b^s3 cHeois Hpoitti as(io3)oii^ as mo\ si^@p, 

s oiM :^^<y HEhoibH as(io3). :Hioisd HPoitH as(io4)oii as^. n xnyg 

TFTfih P xHygTFTM ^^S^^^ ^t^^h CMOS ?2SS eJtHE^ aSg B^SAH ^^BP. 

53^^^ ass£ ::'h^amef. H:4^di s^soiiah cmos ^^oii 9\m >^p^g ee^ poiu 

EE§[, DHS^r^i aS{102)^, SPOIW aS(103)01l P4=2J (106.107) ^ 

>iiois^ EPoim as(i04)oii p^^si :>iioiSi:f!(i08.io9)o^ ga-iM^ei m± 

s«(iio)oi oHs^>i^^^^ dHxisioi ^^@p. nam. P4^3 a^ s^(iio)a a^^ tft{iii), ^ 

§^(112), gg(113)M Si^moi ^^£101 SIP. EE. EAiaOi £iXI aXle.^ ^§^(112)^ a^: 
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s Diif s^a- zi A^olOll mx\& sh§o^ ^ssd. 

& :i:E>e Si!ief^XI Mm mSl xiE\. a4i QHM^:^; S1S(102)01I s^fe^S SAIAI3IPI tilCIS 

<MS°J XHEI §3f aOI, S^fe^ HAIS SoPI ¥I5H/H get} XH£IS IBShfe Ql ^Qth SIS S&fM 

E 1011 EAIShfe ^AIOIIOII SlOiAH fe£l SIS(105)fe, HI i2:)| ( 1 14) . LPF{Low Pass Fi lter)(115). 

VCO WlOlg ^^5!:?l)(116), ^^?l(117). 4;:i:<M Hy01Wg{^S ^AFg) ^5!:'l(118). ?IIO|e<M 

B£[01tHS(4=5} ^A^S) ^^5!:i|(119). 0/A 21WEI(C|X|g- Oh^MZl e&:)|)(120)S S&SK)1 

££. s ^^^x^ §s oi:>ioiiAH sAiaxi as us, mm oioixi diAHdfexi ccos¥ei 
euix:| £te as^s lS5^fe i/os^, gisaimoioj^ji £lS(x^sgss^l^^olO). smaioi^ 
dimoioi, gMBiioiEi m). A/oauiEH, aioias ^ys^fe oll2^l(RAMOl£^sxl rom), s^^iesfe s^i^ 

SISJJUIS et^^OII gXHShK, CPU (ggf Sl£l SXI)SA1°) ?bl2h Al^a C|>iSaiO|E 

^©^^ 4= ^siSlH SID. 

SE?}, 121^ cixie <ysoii oFkfszi ijs°i &XK i22fe cixig Mm.m d^mm^\ 

bis ^iJs°J BXK 123g 4=3 ^A^g m^l <yS2| gj^ BXK 124^ ^A^S g:?l <ms 

21 Bxhoicf. g^, oig ohfe^s3<ys. bi^ <ms, e:"! <ys« sssh^ sise :)ie^oii 
5&sha gj^ ex^fe sQSi^ii sp. 

^^soiiAH aas 5^fe ^ais e,^atoi! chskji) 

OII'IOIIAH. £ 1011 EAIShfe bh£f 9l|EI^ OHM^i^ CI>iSaiOIS ^^&Oil 910\M D[S fiiti 

Oil cHoiol M^mo. seH oiioilAi b^2^ ^►oi. eois) ^£ie et°^ogAHfe n^m ^soissi 

aS£f XH^Eh ?S{3LH2^ =?B) OiSSj :3l&&^0ll ^JH6^fe 512 5&}Sm. l^eiAH , £ 1 

01! EAls^fe b^£^ a^msiioim =?^o\d\ %mM^. ^ s^oii cue 

m 4= sife TFT* ^e^^ 4= sife ^£is e|Q|g g^sfxi aoff e^sa. 

S a^SS, OlSiOII ^SShfe SaSI AHSS ^£ie m^S^S. m TFTOII SISH/H, E IOII EAIsi 

H^2^ ^S2J 2HEI^ OHMa!>i P^^SeiiOjS Di^^ SID. 01 Sasl AHSS 

■^£15 s ^^SX^ SOI XHSSAH , 01 XHSS A^go^fe TFTfe ^ ?ilOIS S^Sfo] 

9^ &^SS ?^Shfe ^£15 e|a|oj rp^oil mo\m mSO\ SOJD. Oi:?IOIIAHfe 5II0I 

E g^aig g^if (fflj3hxi£j gsoii a^s^o1 e 2S olgs^oi ^sthD. 

ngg :J^J;lfe :3ie(20i)e mti\mc\. s ^AiaioiiAHfe ^mm Ahsmxiei, n 91011 s^ 
xi5|osAi {L^m mm ^eit} D\mm AhgsHE @d. dei. s ^^soiiah Q\mm^ ^£ie e,^sf 
M m^mD\ ^oHAHfe 700 LHxi iioccsi :'^^^^£l:'^ sss a:?! oh^oii, :3iB(20i)g n s?ioii 
as 4= sic m^ae :?^xlxl eiEiD. 

D§0||. bl§S ^£l^s|(b|§g ^£ISe|)(202)S 100 LHXI 750A (b^^^f Sh^ilfe 150 LHXI 450A)°I ^ 
WIS M£f^Dh CVOa, >iejaa. ^'2im CVD sou 2I6H/H Se,^&D. EE, ^i^sl SSOII °Jth s^^y 

±m :n\Mo\\ goi as^iHs ma.^ ei ^hmde ^g?ii ^sish^d. ^9,oi:iiS>y 

311 :3h>h(SIH4. SizHe, SiaHs e)B A^Mo^fe i^g^g CVD SOII °^5^a. ^21 §§a SgEOII SlOiAH x^^ 
t!j &^gOII °l& ai6Hfe dHfS|§FD. 

bl§§ ^£l5a|(202)M Se^g^^. DMOII b|§l ^£|gaK202)g S§SfAI3^Ai S§ ^£ieet{g£|^ 
£ISat)S S^D. S§a 4^BoSAHfe «:HS7-130652s gSOII DIMB D\^m OlgehD. 4.^:71 
m bISi! ^£l5et01l CHoiOl *DH S!^(afl2!°Sfe Ni)B S:'h§hOj SSSiB SSSh 

20ID. 

s. geoiiAife biss ^£is9i2i asoil ^oH sliliS §p^8^fe 4=B2f, <yi!i5!os §:'^s^fe 4- 

BS 3HAI5H2 sin. :3ie2!2Sfe 015= A^gS^fe 5!E ^XH OlgSFfe ^01 S§S| 

S§ gfS^SI moiaoil ¥4=^°^ bhgf^jSfD. mSiM. S ^AlOIIOIIAife ^X^S OISS} 3^011 CHohOI 

bi§§ ^£isat(202)s ^a,^she, Ni(Lm)s ^ejsjog §?^s^:?| ?\m Msi ^?4;B|os gsa 

□h^3(203)g g^e^D. <^L^S^^^4le^°S g^Slfe □h:ii3(203)0ilfe IIHEia0l!°loH/d 3H^¥(204):?h 
D4^ ^xigOj Sin. 3I1^V(204)°I Iffg ^OiE lOp m 0lfe^ :'hX|fe 3101 d^^SiS^Q^. 013 0|5^ 
Oll/Hb Ug2| ^0Ha4:» SlfShfe g2Hg £S5h^ SSOIIAH S^OII °|oH :il?¥2| LH¥S^XI S 

eiiOi £gS^XI as ^a:?^ ^eia. Oi:'IO||>Mfe S 2a0|| SiOIAH. 3H?¥(204)fe 10 LHXI 20m ni° 

s s^2. a ^oife xieaf 4=^e! ^mm %'§m 4=&j mxi msj sois s 4^ siD. 

Dgoii. S9i:3igoii sioiAH uv sg sA^s^o|. diss ^£i5si(202)°i h^m aaoii ^si ifg <:i} 

§}e^(£AI8^XI §^e}D. 0! d^^atS. Uedl ^SstS SS^fe L|^S EgJ^^ WS\ E 

5 gSOIIAI g2Ho| -gg :Hd!3PI ?I5[ 20ID. E. SSaS ^S6^fe ^DH ^i!;SA1^. Nl OI2I0II 
E Fe, Co, Sn, Pd, Pb, Pt , Cu, Au gej m±m Afg^V4= SID. 

Dgoii. feE(e ^AiwioiiAife §i^s^^^os iooppn))s umm m^m Lls^<:L^s(^fe LmoiAii 

E^^jg) goHg ^i6^S^01. ^iSa^aoii o|sk), lips 4=a^(205)S §^^^D. bl§g M 

£l5QK202)gOII §:?^5^fe up ^E^ ES SSOilAI lips S9!!S| feES Sg&oSMi soim 
?ll HI01& 4= SID. (E 2b) 

Deoii, mm^ m9\D\ e^ s&sf^ M?i:>igoii sioiai soo luxi 7oo'c. cHs^siosfe 550 ui 

XI 650-C2I gEOIIAH 4 LHXI 8AI^^2^ Dim XH£IS CHSfOI b|g§ ^£1^0,^(202)2] §§S}S g&D. 1 
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mm^ eigoj Liaol «!oi eioi sisetain ^2tsa. (e 2c) 

mmm ^ei5a}(202)°l SSSf^ Uag :H?¥(204)S^EI ^(M^jog 5!IS8^ffl, 3H^^(204) 

HI 0[SAO\\^ Jll 1 S§ S^(206)0I m^BQ. SEeh. U^2| a}^LK)|| SloH 0^>;3(203)2^ 0^el|0|lfe. D\ 
&(201)a CH^ SS8^?^| SSeh SICH se^ e@ eiCH ^^afe HI 2 s§ 

S^(207)OI g^aCf. 208S ^g^gf^SVEl SSShW @ HI 2 3^(207)0! SMSfOI §S 

Ei a^iioicf. 

S ^^SOII/dfe 01 HI 2 g§ S^ei-M ^5.iea|°S>y 0\m&a. ^. :'H?^(204)°I bHxIOII °I8H 

Al Hl§a ^EIS9|(202)°I mmm S^(HI 2 as S^(207)), SSOII °lth EJ3|I{208) SSI ?|x|g HI 

o\m 4= siiii rasoii. S5ii°i »£! ^ai^afiif aoi as gjjii:'! tft ^aoii s&m ^fe aoi acf. 

CIgOII, <M-2f ^TrriiSfoS g^a^ □h:ii3(203)S X1l>l&f^, 2015! a§ ^£ISa|(207)S IHEiyoil °| 
SHAH ::'hSSh01 E 2d0j| EAIShfe tll£} □^'Sl e^S(209)S S^&a. 

as ^£IS S^Sfe &^S(209)M g^SI^. SS S(209)&^0|| 6hsf ffib^^o^ g^Sfe PIIOI 

E S3e|(210)S ^ei&CI. 3II0IM a2a}(210)£| yss. Se.l^DI CVDS . SCVDS , ^SjEIS 

ShTILK 3 S^etS sJSShOI AhSSHE SiCf. 

0! nO\^ 13QK210)°I St ^JHIfe TFTS 0|§^^ ^S!(AhgSfe S)0|| OiStM, ^ gfiS Shfe ^ 

soil cuaiAH assia sa. a. mm^°^ gss 5^fe 3iiois s^aioj =^1^^ 500A oiSf:i| ei^ 

g^, 3II0IM §2a|(210)S SefoH ^3, Ug°| m<i^m SSOIIAI 201X1^ g<:L^S|s|^^S 3II0|E 
a,^o^AH OlgSffe 31E :'F^5m. 

ctmow. m^m s&si^ g?i:7ioii sioiai D\mx^^\m mma. oi uhs x-\e.\^ m^m &±o\\ 
°\m :hieiii sag oissioi. mss(209)g°i s!^(^si Li^)g ni^sh^ hi i 

01 Jiiatis ¥i& :>[m xH£|^ 3 safg sui 9I6Hai 700T2g s^fsi^ ^eoiiai tssife 3ioi ui^^m 

Q. 3 OlShSI gEOIIAHfe 5II0IM §£521(210)01 MSiJgOl E|01 7||Eli! S3f:>l 20IXIII 8fS 

3 [[H^oii, 01 j[mM^\^ 700'CB ^fe SEoiiAi Soiffl. ti\m^mn^ 8oo mxi looo'ccas^ss^ 

gSCOS 5h3. XH£I A|2ie 0.1 UIXI 6Aie}. CHfl^lo^fe 0.5 L4III 1A|2}og g^e gggh :}||E|il s 

a-a 2S 4= SICK 

£E, Oi:)|OI|A|fe i^^iOz) e?i:'lsOII CHShOI gS}4=^(HCI)g 0.5 UIJI 10^ni% aAlOIIOIIAH^ 

3¥Ei%)°i feES &^Am M?i:3ieoii sioiah, gsoic, 30M°i :)\mx^^^m Soife oiis UEiyiD. hci 

feES SIJI ^E OI&^H^ 8ia, 1ISS(209)S| aSOII ¥3)ll2t SE°I 2^01 ^3|3| OHSOII 

Eeh. i^SfS M?i:'lgOII 3feE°l a4:(N2)S 41^ S?i:'IS SS ^£iee,^S| <!4Sf ^ 

ES XH8IAIS 4= S{Cf. §<i[2l &^eS m9. OlSHS atSA|3|XI &3AI ?||E|g| A|2>S &£|fe 3^011 
oggh 4=cfoia. 

Etf, ^^S21! S&Slfe sfi.^gSA| HCI 3^>iS AhgShfe 0||g UEH4l2tXie}, 3 0|2|2| 

Al, QIS55JoSfe HF, NFa. HBr . CI2. CIF3. BCI3. Fg, Bfj S2| S^SIS S&Shfe 2HfgS¥EI d^ia 

IS Efe Q^mm Aig» 4^ 2iD. E§h, ms.^2\ SFS Efe ^D\m(m^±ms)m 

A^§8^fe 5!E ^^^8^c^. 

01 eSOII SlOIAHfe #SS(209)gOII S:3^a LI^OI ^^^2!! S!:4i(Oi:?|0||AH^ S4.)°l Sfgo|| o^S^01 311 

EmacM, ^&^S2i ssm^oi aoi a:>\m^s. o\msm Hi:Haa3 ^a^aa. 3 msm. 

SSg(211)g°l L|go| feEte IX lO^atoms/cm^ OlShSTJIXI g^ibaa. E, ^ SAIIAH0IIAH2) g^g 
Efe SIMS S<isiO||AH 2015! 31I^X|°I £i±X\^ S^iaO. 

mSiM. E 2e0ll EA|8|fe ^^^2!! SSSIfe ^?i:3IOII S10|A|°J :3^gx^^l0ll °loHA| SSS{211)g 

°l L\mS C\ti\0\± m^OW SlfS afe SE(1x 10"atoms/cm' OISK bftt^lSITIIfe SSS g2| 

E ^E oisn^Jh^i 1^4:301. ^oi ^E:l^ s^a #s^s 2§ 4^ sia. 

Et-K ^IIEIi! SSS S^. #S#(209)g0llfe 31191! UBIOII A^g5^ IfSZ!! Sj^i^f 1x 1o'^ mxi 1 

X 10'°atoms/cni' °l feES ShSaCf. 3 OH, SSS(209)a :'hSJI£IOII °loH g^Sfe §ifSfa}2| A|0| 
01! 3feE^ ^SShfe SSfOI SIMS S^dl 2loHA| S^o!E)2) oiq. 

ois3f esoiiAi 2015! wss(2ii)e ^oi& ss a as ^eie ^saoi si 

a. Oi:?IOIIAI S3I gSOII m^AI as ^dlSe^S 25S.mHS ^aeh TEM A^5!e £ 3011 EA!§^ 

Cf. E 3011 EAIolfe urn mO\.. #:)| SSOIIAI 20IIIfe aS ^£l^a,^e OlolOII UEHJfe ti[Si 

^SM :?ixi3 ?ia. 

(1) as ^xi2i ^53h >i°i ^s s^^io^ e^aoi sia. 

(2) 3ife am §4t(Efe as :iife as gs°s ^gsh3 sll:^. 

(3) Q^2i Qia\ Efe mm a,^ai n^^ ass fe^s «s e^ 3i°j s§8^3^l. e&. %^m^m 3>3 

SS8I3 giCI. 

E 3011 EA|5^fe AI5!g SS, OIIS §53 if^Sh¥SVEI ^^fe^¥S2| SAI gtifOII 0.15m m SE2| = 
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Q(MBo\\ soi^ m9\ ^^'B ^^9] x[o\o\\ 9\mQ), sEm, q^2\ °iaj 

01 AH^ cH^t sse.^ ^§ ^sam aib a^^oiiah, a4=£j x^i siBm:>ii e^s^s 

m 91^ 3tm ^2}m ^ sia. oi mm^^w^ ^Hdicnoxh ee^ §e)oii saoiah oiiuxi s^oi (th 

SE, m^m{2^^)s ^oi m^^eii ^i^5^fe 70ot;s g£oiiAH°j :'f^xH£ioii siohah mx^m m 

CH LH¥^ ^§ ^XPh ^^^o^ ^^30i 9l9.D\ , ^HBIOiOil SiOIAH ^^^^^ B^§0| 

?}^m 4= s^^^ £101 o^an Agp^^a. 
SEth. ^§ ^x[D\ ^^^^^ e^^sa 31^ ^^CH 1§°J m^oii ^^^h^ ^xHsm 

S(211)e Olgth TFT°J ^i:*! ^3f^¥Ei, ^XH^H 2iC^^^£ {111}^^gl! 

{111} ^§^i>^ {221} mm^2i 2^^{\9\ j[^^o\ ^aiQ ^^^sm 910, 

SEeh. i^^:*! :?^gx^dloll s^s(2ii)3f 71101^ ^c^^^(2io)°i :nisoiiah^ m^^m ^^mo\ s^moi. 

^<^^if^^(2i2)°i m2im o\\o\^ m^^'{2w)9\ mx]\ m:^\^o, m^m^ 

^ §^^011 biBiiaho^ s^s(2ii)^ ^^^^ siBQ. m^ms] ^^^^m^ tft£| 
miif oie£2j eej mafi ^^^^ci. 5EE.K m^?^ m^j\o\\ 9Jio\A-\9\ Dmx^^\m mm ^ 
oil. mdti m9\D\mo\\A-\ gsor uiei ::'^^xHe-iM s^^^Mi, d\\o\^ ^£5^^(210)21 qi^^j 

^^SOilAH ^fi^ 6^^ TFT01I Q\mO\) 

o\^'^ m^m(2ium o\^b\o\ tfts si^^m^. £ 40ii £A|6^^ ^i:!! ^^01 ^oi^a 

(TFTSj XII^^SSOII CHeHAH^ ¥1^ ^AlOjl^ UimQ), £ 4011 EAI6h^ 3iS ^^0|| D\\0\^ Sei(Vg), 
e^Oil Haiei 2^^(ld)£| C«4^M ^5^01 M^th N JUMm TFTOj Id-Vg ^<y(ld-Vg ^^)Oia. 

£ 40il 2A01AH, 40ie ^Ol SSOIIAH ^01^1 OlSel TFT2j ^^0112. 402^ g£H^ TFT^ 

e^xi>iEi uimah^. e^e.^ :hioim 2^oiah£ 40i^ uefu^ m^s\ ^01 2 lh 
XI 4 x^§d4= iifs-^ii ^ 2 ^eim^ 4^ sia. se, ^ siw&h tft:?^ ^ ^^eh(£ 40iiAH 

TiioiM 22^01 0 uixi 5v°i s^) oil 9Jim mm neiiei B^m J^^itict, 

401S UEIU^ m^2\ ^01 ^4^e[ AHM>i5i!^H^^e I'hXIIl 9Ji^ 5i£ ^ejl^ ^ SACK AH M 
^^0I^^ TFT21 ^fiS ^^^m UEIUi^ EH 01 HI , TFT:?^ ^^^^EH^^EH S^^EH 

^ :^SS^^ [CHHI Id-Vg ^<y2| ^^^01 ^^1^4-^. AHM^5l!^E m^S mQH 4- SAP. 

^, as^oi ^§ QIOIEH^ ^ ^^goi TFT2f TFTM bllHShS. C[m2\ MMM m2im ^ 91 

(1) 402^ UEfU^ m^9Ji AHH^SI^H 350mV/decade 2^011 51011 CHmOl, 401^ UEIU 
^ m^2\ AHH^^Si^^ 5114^^ SOmV/decade ^^O. 01 2^01 TFT^4=^^ ^^Oil 

ma. 

(2) 2^1 01g£^ 402^ UEfU^ m^9.^ BOcmVvsS ^ej Ql OimOj. 401S UEfU^ m^9.^A-\ 
^ 250cmVvs HQ. 01^^:?^ e TFT^4^^ E^' ^^^^ mm, ^ ^^01 

oi^^^f aoi. ^ TFT^ ^61 ^ m^m i^hxin sin. £ loii eeai 

u^2^ ^ai fii^{io5)s ssi^ 4^ si^ s^^oi ^. =?e x^^ 

m ?e m^m A\±^s^m £ loii £Alo^^ d^sf ^^s eijEiH oh^^:±: Pr^MaiioiM ?I5hah 
^, ^ ^Eh4^ s^oii mea^ ^ si^ e TFT::^^ ^Qsm. 

5Eeh. bh£f TFT^ N xHyS TFT2f P xH^g TFTOIIAH SI?! m^9] X[D[ 0H¥ ^SOI 9X 

a. OjIS g^, ^ ^^SXf MOI ^Xll^ Al^^mot ^§£[ Saoil ^6^^. e^^llxl Sei^ N gOIIAH -0.5 
UIXI 1.5V. P mO\\M\ -1.5 mXI 0.5V:?h ^OIXIH 9X0, SEe[. AHH:^^^H :?1I4=(S xDfe N §. P § 
60 LUXI 100mV/decade(aiS^o^^ 60 UjXl 85mV/decade):?h ^01X131 9JiO. 2:^1 01 

e£(lJ fe)^ N rnOWM S^moi 200 LHXI 250cniVvs . P gOIIAH 150 UXI 200cmVvsH| 2,^01 ^01X112 9Ji 

CL 

o\9\ ^o\, ^ ^mx[ mo\ ^^^m tft^ n m^m iFTSf p m^m tft^ 7]s\ ^mm ^^m d[ 
xm 9111. CMOS ^aaKH^i m^' xi^soii 2]ah^ sa^ m^si ^^^oia^^xi ^ 
£Hi xima ^a15^^ 51s ofua, ^, ^ai tft ncH^ msm 4^ sici. 

01 soil BmO\, ^ ^^SX^:?^ e ^^S2J tfts OlgmOl Al^^e^ geai il2^^1IO|E^°lj ^§ l^fOll 2i6h 
2^ 5l^3.3V01IAH 450MHz, 5.0 VOilAH 540MHz°j ^m^M J\mB[ll S^a. OIM , 

aim^r^^ eeHHJ TFT^ t!S^£il0|E-i2f UIII16h01 20 UiXl 30bH^ e^^OI ^SEIIQ 9Ji 

O1PI01IAH e TFTOiiAi ^^moio^ m SOI oiioiiah^ tftsi ^es Mai:?i mm 

M xHy ^oiB ms. &xHy miifoii sioHAH tft ^^oi ^sfm^ AH^maa. naiu. 

m e ^'SHI TFT^ ^0|:'^ 2m l^^S Gil£ ^^o^JH. ^61 fe^ Heiiei ui^^ 
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m D\X\J1. AlgOII mD\mM TFTEIfe 3101 SfojacH SlCf. 

g ^^^x^sg 3 oi^sAi, ^oie^ s§ ^sms e ^^ssi ^ai^ eioioi n ois 

s¥Ei BXHy sa» s:iit5j°s ej^isui 2iP-3 ^a^stacf. a. bxh^ anfe^ xHy aoisj if^oii 
msf §^311X1 22^21 xioK ^aiej meisi asj, Ai«i^5i!^^ m^si mm ms\ ssoi:d, iji^ 

OCIOII/d e ^'•321 TFT°J ¥eS ^^SOII/d ^ ESS E 5a01l EAIt^a. E 5aOII SICHAH 501S 

if^S. 502fe S^0|:Q, fiS#(501)g a4=2| aiQl §§(503), S§gJ31l(504)S 5S6hO< 

^sscf. E&, ffss(50i)s tii^ s^/ xHy §s s^/ Haiej :3I^2.k:>. 

aeh, 5050)iAH uaufe sf^s^ ^H£lo^:l^ ol§5^fe ?^gf(2§a3ii(504)2f cji§f sis& g^&)s uaui 
n. xHy SOI g^ifoian! ssi&a. att. soeoiiAi uaufe sf^H^ aiy aoi g^tfog 

S(2§a3ll(504)OII □8f01 CHSf SjHShfe g}§f)0|I2, XH^^ g^SfOiaflil §2|&a. E5[. 507S XH^ 
a0|(L).508S XH^^(VII)SAH S. xHy S0l(507)fe IHIOIM 2^(502)21 <M = o|l :>lo| ^xiSi 

lie}, 3)|0|e 5! = (502)°l Seoil i.^^ <i^5^e,^0| g^goi Slfe 3¥£f aoj, B^2.^M J\ 

sShxi ate s^oi Site g^te &}EAi axls^xl a^tech. 

e ^^sxf es, e ^'soii TFT°j Eaiei uiefoi oi^^ah e 5a°i s§ej3ii(504)°i ss^s 
gAlo^ac:^. ^. e ^^sxh sa xHa §^ s^oii 9Jlo\m soi g.^i^(505)3^ ?isi stsshTii giH 
site gsgj 311(504)011 °i§} oiiyxi §^01 Eaiej s^oiiaisi sa#°i ejnisioi, a 

xi^¥ @^^2i ^^m g^iims 2ia:n ^^shaa. 

3 Sgfe E SbOII e[§s'2f8h0i EAI&Cf. E 5bte E 5aS fll^ SOI g^gfo^ &eEg UEfUi 

U SlCf. E 5b0|| SlOlAi, 509te S^, 510g Eaiej S^. 511^ xHS §^ §25, 5123F ?IIOIM 

saa,^oiii, 513S eagg uem^ sia. s §21 ^^oii 513°^ u&ute sas 

S 311 (504)011 :?ieiohte OllbiXI S^OII 2|6HAH SfCJI g^f S§(503) LH¥S2| 51ISS ejUjghffl, XH 

a 1^ S^(511)2| 14I¥{514S LIEfUte S^)S SSS 4- glCfI2 ^^^SCf. 

^. §eH2| ^eiS s,^a|g Ahgg} TFTOia eXHa 2^21 Si^OI U&Ute &^EH. ^ XHy S0l(507)3h 
^51 5fg AHH0h0iag(0.01 mil 2m m) S^OII SiOIAiE, E 5b0)l EA|g^te U^£^ SOI SeS2) SfS 

§ 4= S13I mrnow &xHa sa» aa^os ^^\%' 4^ s{D3 *s2,^sa. 

E§}, E 5cte E 5a« XH^^ e^ES UEfyCf. E 5cO)l EAIShte SOI. 

S(501)S a4'2| QfCA §§(503)01 UShgl- &^E1I0||A^ ?^EI01 Sioffl, Ete Mm^°^ 5!S 

ej SICH §4} S§(503)0| a4=ili}if°SM1 XHa §S S^OI gSSOi Sim. ^, a4=2J QfCH 

s§(503)2i 2|2tg s§ej^(d) (515S UEiycf)^ J\E D\±m xHy s^oiEni aoisia. Zl 
ra^oii. 2,^2|2i QiCA s§(503)oii 2to^A^, gxgy a3^3^ ^zjcm e a^sxh ^^sm sicf. 

naQi. ixHy aae^ xny^oi s^ii sisis raoii tft 2j gjiiJi se^oi S3^s^te e&^ois, s ^^g2i 
^eis e,^afog/,^^ D}Q) §A} ggoj a|2|oii oioj ^zi gxHy aaoii2ioHAi, bxhs saoii 21 
m mnx\ aEh2i x^s^:3^ fe^iH3o^ 2102 ^2i@a. 

01 gxHy aiute xHy s^2j b^oi oiiliii §^oi ks s^oi sxH^te 2°^ &3iixi ag^oi 
ax^|2^o^ mjim^ soioi. a|Q|o| g^on^ Dieoii cAsm 4=«2j gfif^f ^^siej 2ifs.^oiiAH 

^ZJCm ^2,^EID. 3 [IHSOII, ^fl|2| 3H£|0ite OIIUXI S^OI b<>S S^S ^^MSjog ojg&Qf. 
Et}, 3H£I012J OlgOII m§\Oi. e &^S2| ^£IS efe,^S g§eJ3ll(504)2f ^S5^3^I Olgshte 3H£IOi£f 

4=21°^ olss^te 3H£iois n Tisol cfs. ^ ^oi^s :J^xlte ^§01 910. mm m&. BWE\o\Ji 
oismte gfs^a xHy SOI gfif(505)oi axioFte tft2| ajii aaj oiseb i.'^^.^AiJite aioii 

SiOIAH DH¥ ^S.5iQ. H OI^SAI Pg2J Ah^OI ^2|eCf. 

TFT2I 2311 sat OlSEte ^£ISe|gOII 9JL0\M9i 3H£IOi2| <^}g+0|| 2JoHA1 SSSIXIS}. CH^6|01 ^X^^L^ 
S^g<i^&^OI SlCf. 01 CEH, S^^^#0||A^ A^go^te SE g?)0||AHte ^81 M^g ii}&h2| SifOI 
XlbH^IOIJII acf. S ^^SS OI310il CHSfOI 0ISF2j OlSe 3F3;i3 9X0. 

(1) 3H£l013h OjgSfte 3|§^^ S§2| (Jj^te ^3^°^ eS§0|£^3 Z}^^^ 4= Site S^Ojffl, E§}. 
5!S Ete Mm^^^ 3^0131 ra^OII. 3H£IOj2| 0ie§ USHShte M^g^ ^IHSHI SteCf][2 ^2,^oh 

(2) E 5a0|| EAIShte ti\2i SS fe^EHOII SiOjAH, SSej31l(504)3h 01IUX|5j2J §^01 £101 3H£I0^3^ 01 
SS^te gflfS eiCH S§(503)0I ^S5^te g^tfaj 312J SS g^t.^H^ 7?§m3| (OlgOII, 3H£IOjJ3l 
£|2| ggOil 2J?h <ih&}2| atMOl 

(1)011 SIOIAH. Ete Mm^£.^ £!^0|£tte 31g 0IS^2J SZj g. SJOiE S^US E^^8^te 

21S 2|0I§}D. 

® ^£iea|oj s^sj o)lL^xl3^ 3121 1/2 (fflisQi ai^oi sflixii2i 3121 gi^oii 9\j.\ma)o\a. 
® SESDE m^m ^e3i s^oia. 

® 2|E5!°£ g^gg §3hSUI Ste eiEHSJ S^OIQ. 
®. lntrlnsic(e^^)£J gs^OICf. 

OIIM mm, SBH2I ^£|S eiRM Ah§t} TFTte BXHy S]lf2| 2{H| 4^30^/^^ XHyEH3| ^ei^ioi 
Xie, 0! 4^Bo^A1te XHy S^0||A|2| M^g feE3^ g3h8h01 3H£l0i2| OjgOl HoH£IW, TFT2I 
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^£(2:^1 m:Qf o\m^}D[ ^'m^a. 3^011, ^^^^ ^ ^^9\ tft^ 

x]\o\\ exHy ^x-iim^ mD^D[ 9ji:)\ hh^oil se^ ^^^^^ ^^01 ^tiy §^ s^m 

S^CH^ ^§^1^11(504)::?^ 9H£ICHSi Oiee XiSHSF^ OIILiJI §^^0! OI51Ilf ^IQs^fe 

xHy^ ^^i>^)^^ oiem^ 3HaicM^ oies^ ^ai 2^^^ 51^^ 

5&§.K i^^^Hf ^01 H^liei^ SX1#£J ^HI§^o^Mi BxH^ mUfS ^^X|6h^ 3101 :)[^o[n 

&xHy m.D^m Hai^i Uie^SJ §>^^^Ilf mm AH^ ^^21 IT^^S Q.=?B 

O. AHH ^^°J ^^^^e ^ A^gi,^o^;^ SXI#0| xUl5^^ ^EIM H^^^^ 

4^ 9JiQii ^m^^^E\ oioh£f ^0! 4- s^a. 

^ ^^SX^ e°l ^^^011 SE 5b01l EAie bf2f ^01 Sl3f^o^ gJl^^ m^^0\ ^HlgH^Mi H 

Biiei^^ sxigol x[x\o[^ ^mm x^^^m ^ s^^ii ^o. caa^AH, et^^ei sxt^ mmm 
m ^ 9JiD\ (iH^oii. Bx\m m^^m ^^\\ m 4^ s^cm usi^a. oi:'iojiAi, ahh o\\^{s)m 

S7n 1 OkTJql 1 +( CW+C/7)/Cox] 

e::'^ cox^ :hioim ^i^s^ei g^toia. II^^^A^, ^ ^^oiiai^ gxie e^^(Cd) ^ ^ 

I'h gi^(Cit)S ^ai ^^:HI i,^^^Mi Cd=Cit=0OI £1^ 01^^ ^^EH. ^ Sg.^01 60mV/decade^ TFTM ^ 

Ol^^g e ^^SX^ MOI ^Xll^ ^Ole.^ ^§ ^E.ie ^^^^Hf. A^go^01 ^Hl 

^ A|^^t[ TFT2J ^¥A|3|^ ^^^0| ^SmU. 3£HLK QIOIEH^ M^OIH, 

^die ^^D^e A^gth TFTSf^ Ofxl ^4-E^ S.^CH!AH£ b^2[ ^^W. 

nam. ^ ^aioiioiiah oiiai^ ai ^^fg tfto^^^^ n^m ^enf xi^n^ ^ 

eoiiE cn^^^ 4- s^fe fiJ^M, esH^ xHy smxi &II ::'l&^^(>ll ? 

^6^^ 3101 :?^^m:>11 SCK ^. ^^AlOjlOII OltAI^ ^£1^ a^Qfg ^e^MMi. £ lOil £AI9 ld^£F ^ 

B ^EiH GHM^>: P:>iMaioiM ^^ah^ 201 :?^fe6^:>jl ^ ^loia, 

[^AIOII 2] 

^ ^AlOjlOIIAHfe £ lOil £A|^ ^ElM OH^^^ CI r^M^IIOI 01! 2i01AHS| Hd^OIW U^(103). >]| 

oiM^ifi HdFoibi £i^(i04). feaisj^(i05)M ^^api cmos bssm £ 

6a0iL £f:4i DH^^^ fii^(102)M ^^ah^ £f^{TFT111) §y £f4iS^(110)°l 6b01l £A|^^ 

P. SE, S ^AlOIIOilAH OlIAIS ^^fe ^^AlOllOll XIUXI ^H, ^ ^^SM t^Sa^^ 3101 OhUD. 

^d. N xHyg TFT(601)2f P xH^g TFT(602)M ^^S^^^ ^i^AIEJ CMOS ^^011 Oia^OI ^gE^DK 
5E, N XHyg TFT(601)2F PxH^g TFT(602)£f^ I*!^^^^^ ^^^h ^iOia. 

£ 6a0|| 2i01AH, 603B ^S:?l&, 604, 606^ ^^^^ N xH^l TFT°1 ^^S^ ^ Haiei S^. 605, 607 
S ^^^^ P aiyg TFT2I 31B ai HBIIoJ S^Oia. SEe.K 608. 609^ '^'^ NxHai TFT SI P 

XH^S TFTOII OHx|£j^ ^^2] XHfeE M^M S^. 610. 611B N xHaS TFT S P XH^l TFT°j 

XH^ 1^ s^oia. 

SEaK 612, 613B IHIOIM 614. 615B :>ilO|e S^OIH. IHIOlM Si^{614. 615)2J ^ 

Oi!^ :}]|0|M <i^SfaF01 ^:HI <iL^lf^^(616. 617)0| g^£IOi 

SE£h. 618B %^ 619. 620B r^ri^y. 621B HBll ei OIH . 3 ^011^ Xil2 

^cMo^(622), XII3 %11 13^'-(623), HI4 §2^^^(624)01 g^£IOi 2iCK 

01 CH. XII2 SZ} ie^^(622)B Sf^nS^Oil SiOlAH M^giT^ ^^^^ §2x11^ EEH^Oil. ^sff? 

^^^OIU <i^£fff:i[ie| SE^ 3^21 ^e^^^^ ^am^ 3101 H^iT^mCK EEe.K I-II3 Sei §2^^(623) 

^ 1-114 se.^ §2eL|(624)g ::'i^gi^Hj i,^^2F s&sf s5fM Tib^moi. di^seoi ^^:>ii eoimiHi 
aeoii. £ 1011 sioiAH^i sf^s^dio) s tft (iid^j ^^oii ee 6bM ^^3EaK)i 

S^O. SE. £ 6a°J CMOS ^3E2f SE 6b2| TFT{630)^ SSIS §^a:'l lIH^Oll. 

SE§[. ^ ^AlOjlOllAH^ If^ TFT^AH, i::iH°l :>il01M 2^^^ NxH^g TFT^ ^^^^^ x.^^ 

3:'H i^^^ M£iM :>iioiM§ tftm xHgt^ s^^i oiim UEiyiCK 

£ 6b01l 2i0jAH. 631B 632b 633B HBIiei S^, 634 LHXI 636B xH^ 

Oia. SE. xHy 3^(634 mXI 636)21 ^ SIB¥01lb e.^ ^^2J XH^SE g^g S^{637)0| bHxISJ 

Xl&l. #^#2| £ 6a0|| £A|^ :HI0IM§ TFT£ £ 6b01l £Alt^ >llO|e§ JFT 

£ s^api ra^oii ^^Aiit[ ^^^E^a. m^. £ 6boii ^ais ^^e^ £ easi NxH^g tfthi 
s^enf eAioii g^sa. 

aeOlL 638 LHXI 640^^ UEHHb 31g IHIOIM §£^^^013. £ 6a01l S^OiAHHI IHIOI^ 1S^^(612. 

613)5f eAIOil g^SD. SE§[, 641B IHIOIM 2^, 642b :>1I01M <i^fifm01 g^£jb 

£} i,^^ 6[a^^0|3. 71I0IM S^(641)S 3?H 31Xlg aolXILK ^Xll^b SE^ bHi!d0|CL £ 

e.^. :>ll0|e 2^(641), <i^^^^(642)B ^^^^ £ 6a0|| 2^01AH2| :»|0|M 3^(614. 615). 

^^^□1(616. 617)2f gAIOll g^^CK 

aeOll, 643B X-111 %^ §S^^ 644b 645b §^bH<y. 646B (644)3f SiSmb ChE 4: 
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^<!fiOia. dti^MiSAA, 646), S^bH<y(645)e £ 6a01l 2-i01AH2j 4i>;<y(619, 620), ^E\\2}dl{e2^)D^ 
B£.^ ^^9CF- ^ ^AlOlloi ^^OIIAH^ £ 6bOII £A|@ bhSf ^01 S^dH<y(651)e m 

5£th, 647^ M2 SZ} M^^' . 648^ ;tll3 ^^^^0112, £ 6a01l 2iOiAH£| XM2 

^e^^^(622). HI3 eel ^2e|(623)5f ^AIOII eOlCK 5Ee,K lilS SZf ^£^^^(648)^ 649^ 

UE|L4i^ S^OIIAH Xi\7\£\Jl, 3 9\m n[^B{650)J[ M^^Q, CaahAH , 649^ UEfLH^ S^OIIAH 

S^ti[i<y(645):flf Xi\2 SZI ^9^s[(647):Qf □^^B(650)2J ^S^^S M^g^^(651)0l 

1 ^ & CK 

s^g^^(65i)e £ 6boii £Ai@ u^£f ^^o^ me. M^g^^Hi nH Ai ^ xii2 m^} m 

c^a[(647)o^^§£j:?| ttH^Oil. bl^SgOl XHSM Ahgm^ 3^ ^'^MM 

M ^ 4^ o\\m m^, xi\2 ez} i^ei(647){)iiAH^ hi^^moi g^^^oi b^^^^6^cK 

3 ^^^JHl^ 100 LHXI 300A£i ^MD[ ^S^Cf. 

ae^. M^gi>^(651)e ^^6PI ^oHAH^ 649^ UEIU^ S^OilAH X-112 m?} §2^^{647)&fe ^^I^^^H 

HI3 eef m^^'(6A8)m M:Hdwom api ffH^oiL xii2, sei ^^ei^ ^^^.^ oii*!o| ^eh^^ xwrnsi 
XI e^^ci. n 2\u\^, x]\2 m^} ^^ei(647)oiiAH^ ^m'R^^' SE^ <i^^^^^^^:Qf mm^ 

omm, □^^B(650)^ xii4 ^2^^^(652)0^ §01x112, n ^o\\^ sf^2^(653)oi ^^sa. 

01 [IH. sf^2^(653)^ §^bH<y(645)M g5H Haiei S^{633):if S^thP. 01 m^o\\ , 

S^ei>K651)g sf^S^(653)0]| CUmol g^^o^ et^^^ 4^ ^ICI. 5E, Xil4 12 

^^(652)^ £ 6a0il £iOiAHHJ X-II4 SZt 1 2! ^^(624)Ilf e^SOIDf. 

654S UEfLI^ CJIifS^{655)S a{%'J\B9.^M, ^EIM DH^^:^ :'!a(631)3^ 

amD\m{654)m ^m^'9.mM ^ss(656)s 7]i?-iao), £ 1011 sioiAHsi ^§^(112)01 s^ea. 

£ 7^ ^^^6^01 £f:^S^(110)°j MSma. EE. £ 70il SiOiAH^ 2i±^^{7U)^Q 

£ 4^^(^§#0IU (:H1.0|& e)e £Aimxl ^9JtX\°}, A-A'^ UEILH^ S<iilo^ 

BS£:?h E 6bCHi 

£ 7011 2i0iAH 701, 702^ 703. 704^ IHIOI 705, 706^ :i::^<y0ia. ^X-li^^ 01EH:?H^ 

:hioim m^o\ mR6\^m mx\£\D\, ?\\o\^{^9.^ eaHM^oj o^s\ ohm^^§4^^ 

^ bHxIS S^OI £ lOi! S^OIAH^j sfrJbS ^ ( 1 10) ^^/H ::'l^eha. £t.K IHIOIM bH<y{704)^ £ 6b^ 
>j|0IM 2^(641)011, ^^<!fj(705, 706)^ £ 6b2j 4^>id(644, 646)0il fe^&tha. 

^m, S^S(702)°j ^^^^OlIAH^ 3501iAH D\\0\^M{704)0\ ^^^Q . ^, 3:'HHi m± TFTM S 

^m£^e^ =?^^ s :hioi^^ tftoi ^^eo. e^. oi:?ioiiAHfe ^ai^AH MaiM ^\\o\^m 
TFT3 oiiM uamsixie^. i^jg D\\o\mm tftoi£^£ 

:>IIO|M bH<y(705. 706)M »S§(701. 702)Ma£ mgOII mx\o[0\ ^>^EH>I§ TFT£^ 
31£ i^Fka^QK 3 S^. ^^ato| x^|xf ^fgoilAH tyoHXI^ £ 2e£f xH£l01l£ 2 

y 4^ 2i£^. :>iioiM 2^^^AH^ Mai^aie^^uf Ui^^oi xhsm af^^^ 3^01 b^^^^a^ 
a. 

OrnoW, 707^ S^S(702)(:^>iS^632)3f :i::il:<5!l (705)31^ ^^^¥. 708^ S^e(702)(£eiie! 
g^(633))3^ §^bH<y(709)S] ^iij^¥, 710^ H ^bH<5fl (709)3f 4:2^(71 1 )£J ^^M¥0|Qf. 
blj<id(709)^ £ 6b01l SiOIAHS] § ^bH<y (645)011 

712°l A\M9.^ UEIUI^ S^B £ 6bOJI SiOIAH 650^ UEfLH^ 0^r^30|3. S^S(701. 702). 

^101^ mdliJOS, 704). ^±M{705. 706)2i zH9im£^ B[0\ g^SCK £e^, 0^:;:^B(712) 

713^^ UEfLU^ S^(£ 6b)0il 2*la^A^2| 649^ UE[L|^ S^)01l 9lO\A-\ g^bH^(709)3F 

o^. s^bH^(709) A^olo^l s^si>^g 

£ef, D^:;^3(712)^^0il^ XII2 123|(652)g eSH sf4iS^(71 1 ){£ 6b)°J £f4i2^(653)0il 

&^St^C^)0l bHx|£i0^ SiCf. Sf^2^(714)B 3 iiB ^¥^01 &^£A| □^:^::B(712)01I °loHAH x^ 

aF3. DF^3(712)£f g^SjXI 714^ UEfLH^ S^OI m^^m m^o[^ 

SAI S^OI BQ. £, ^fll^fe sf:i:S^(711)2j ?j01l^ £ 6b)OII £Aie b^£^ ^^01 Di g>0| ^(654) . 
□11^2^(655). ^§S(656)0| bHx|£i0i £ 1011 £A|@ ^§^(112)S ^^ehD. 

UtmoW, £ 6aOII £A|S CMOS ^ £ 6b0il £A1@ si± S^M D\B^^O\\ §^6PI ^leh Xli^^^S 

§011 CHa^Oi, £ 8, £ 9M ^^^6^01 ^SehO. £, CHg^:»ilff S^6| 6PI ?ioHAH £ 6a. £ 6b^ ^ 
S01IAH Olgel ¥^M ^SOil a>£hAH OlgehO. 

^M, (801)^^011 ^AIOII 1011 UEfti! SSOll HloHAH ^ ^£1^ §^£|fe 

m^m{802 L41XI 804)^ ^21 :HI0|^ ^2^012] ^^01 £1^ XIII ^2^^1(805)^ ^^elQ. 01 [IH , 802D\ 

m^m TFT(6oi)2i m^m, 80301 p m^^m TFT(602)2i s^s, 60301 TFT(63o)°j g^goi slk 

£ 8a). 

018^011 ::'IXH£i^ 31101^ S^HI ^^OIIAH OtB ^^Oii 0|^:?| 3]^XI°i g§B ^ ^^SXFMOII ^ef ^:iH^ 

7-i353i8msMoii :?ixHB :?i*oii 2\m 3io\Q. c[^^^A^. ^^M\m ^3 esMM ^^3^ me sa. 

#^#(802 LHXI 804)21 ^^^^0\\ ^^¥OlsS ^^^^^ xHS^ §^£1^ flH^e g^eh ^. 2^9] 

^.^^^moW 2JoH aS^g^^SJ ^^s^^^(806 mxi 808) §y ^^e^ <i^im^{616. 617. 642)M § 

^£ia. £e[, <:L^£f S§ 01^011. TllOie 2^(614, 615, 641)01 ^S^a. £§.K ^^^3f ^^01 

TFT(630)fe £ 7Ilf ^^B ^^2j ^^\M >1I0|M1 TFTOI :?! [LH^OII I^jOlM 2^(641). aS1^4^2| 
<i^sm^(808), tim^n642)S £A|£1^ 3:>H2| HH© £¥ ggOIQ. 
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mi g2e|(805)°J H£fOI Ollijg S3K)1, ?IIOIM §^21(612 . 613 , 638 LHXI 640)g S^ghCf. 

zidin. c^saa&^2l i.*^ <!ihsfef(806 uxi 808)g niiHSKJi. :a?^^(p) oig ^oj ^ jH:ph^(p) ois 

ii§.n:f. 01 ssoii °imM m'^m tft(6oi)°j :ii:iis^(604). se^(606). x-ifet 
g s^dDo s^oiam g^E sii:f)(608), xna §^ s^(6io)oi g^sa. agh. sf4: tft 

(630)(N 3maS)S| 4i:iiS^(632), HBlie! §^ (633) . THfeS g^g S^(637), S^(634 L4I 
XI 636)01 §^@Cf. 

E. 01 (D) P wag TFT(602)°J ff^gOIIE P OlSOl S:J^aO^ :ii>;S^(604), EBUeJ S^(606) 

31- P OlBm S.mm S^(809 , 810) ^ XHfeE M^g (608)31 P OISS 

s&a- s^(8ii)oi 

P-eOII, P «ja§ TFT(602)eOI tSofS^ aiXl^i^S 0h>;a(812)S ^XlShOi. 22?^^(B) Oie S! 

x^:'^^(B) oie ^gjg s&cf. oi ssoii sishai e scoii 9Jlo\m2\ p oies s^(809 yxi 
8ii)s 2^ pm°^ shsshoi pmwm tft(602)°i ^>;se?(605), Eaiei s^(607), xh^e g^g s 

^(609). xHy 3^(611)01 SSaiiKE 8d). 

0I&^21■ OlS ^gj S§S OlSShe, 11|°J EHEiySSeioS N M'^m TFT2I m^SUi P XHSS 

TFT2^ S^SS mm :JI5^&^0)I 4^ SlCf. ^61, 5 ^AlOIIOII/Hfe «:H@ 7-135318S UIXHSI 

5i}s^ol oissm si:'iiih^oii. ^mm m^sis^m m m^m e§e ses shxi as°sMi g 

0I5MI X-lfeE g^g S^S 4= 91Q. 

E&, ols s§ ^oiife g^g oiS£j s^a iy ols ^aoM a^eds! ssssi s§s 
SI 4=^s s&cf. m^m 4'3osAHte ffluiiiojy, aioixn oiyg, mB. oiyg s°i aj 

CfsOII. XIII S2> S2ai-(618)(Efe 643)oSAl tfSfff^^^S SSSFW, gHSjEgs «. 
^^d(619 , 620 , 644 . 646) ^ Eai&J^y (621) , §^btl<y(645)S H m. Ji\2 SZl 

123a^(622)(Efe 647)H^AH SOOA^WISj gat^?il:ef ^ 250A^3)||°| ^L^2^f^iiia^o^ RAICHS ^Se^g 

E§h, fll3 m?} S£9e|(623)(Efe 648)°SAj SdlOIDIES 0.5 UIXI 3u m(bHr^5h?ilfe imxi 1.5u m) 
SI ^MS. m^&a. Eel. Xil3 ^21 ^^e}(623)0ll SiOiAH 649S UEIUfe S^OIIfe fiiS^g 
8h:"l 9\m 3H?^§ ^xlSH ^Qf. 3H?^£I l^S E^Oi OllSaOII °loH SShS SCf. 01 EDI. XI12 # 
iaQ|{622)S| 6}Sf^?4:etO| S£|0|QIE°l OIIS :^i£IHSA^ Ulfe&CKE 9a). 

P-SOII. mm 0\^B(65O)^M EIEJ-fea!-§ 2000ASI ^5||^ m^mn. rnMOW Sif(651)0l SSS! 

a. ESh. XII4 SZl §3e|(624){Efe 652)oSAH M£|0|DIEB 0.5 LHXI 3g m(b^g^5^?^l^ 1 UXI 

i.5u ni)si ^Ms. ssthCK nam. tisiMSs m^m sEeto^ ssafe sf4ta^(653) 

OI2f^O|, XII3 Sei 12a,H623)ai X||4 SZI 1£5d^(624)S ^IJI^ 4=XIXHS(MS^ ^Sfe S£|0miE. 

o^3a. MsiomiE e)°s mMS[t: 5ie s ^^soii aoiAi e^oia. ^^xixh^sj 

& e dl^^lSOl ^S(2.0 UIXI 3.4 §E) 5!0|Ii, OI5!0|| 2|oH dH^Z}S| :?|^ §i,^§ 01= 

^ 9ici. ^. tsisi^ m n^m ges siss ?^sf raoii g^f ^esj xM\m s. 

□fX|B,^oil, ^012 TFT EX]\m 4=4: ^?i:>|0|| S101A1 :>F§*ldl3f01 =^4i£tS So^01. s^s gsi ssst 
S&°l 2,^4i» EEehQf. 0|g?il SHAH, E 9b0|| EA|gl ti\^ ^01, CM OS ?S ^ SJi: TFJ7\ gS :?l 
e^^OII ^Xll SSE! 9HEI^ 0HS^4: Dlr^MaiOPh S>^@a. E. TFTg gSf^?ri:a,^ go] 

mO\^^'9.S. gfe 31S TFTSJ 3AI ^SfS gfXIShfe QIOII SIOIAH ^SShQ. 

[^AIOII 31 

^Ajoii loiife E 1011 EAis 2!{EiH DHM^^ ci^saioia ^^soii 9io]A-\ ^ mo\ m^m m 

£|s avmoi gfigh >lg AH^Sm. ^ Al 0)1 20l|AHfe MM^ H ^£1^ A^gE^ TFTS ^SSfe 

CMOS ?5 ^ si± TFT ?5 i! H XI|2,^ ggOII QlolOI M^oi^Ct. 

e ^AjoiioiiAjfe E 1011 EAm b^2^ fe^a 2!jEis oH^^^i ci>isaioioii e ^ssj TFTS mxm^ § 
^» &^§s^01. gE^(a^ ^s^)^ ^^s ^^oii □5^01 ^s&cf. 

S ^AIOIISI ^Xlfe fedlSJSOFD §2S 5^fe ?g^^0| 2^ ^^UShOI. is£IOm fe^g? 

e SIX-I& gfi& 4^ si^m ?^3hfe TFT2J ^ss a5!^^o^fe son ai 

a. 3M 4^^011 □SKM, E lOaOII EAIS U^2^ e^ES UEH4lfe VGA(640x 480 m±) CAB 
SI SHEIM 0HM^4;§ HAI &XlS =?^m S^S ^^SSfOj ^Se-HI^. 

E lOaOII SlOjAH, 1ia Sfrt DHebi^. sIS. 12fe 4=«^A^g &5!:J|. 13S ^A^§ AIHM aiX|>: 
El. 14fe D/A ?JtHE|. 15fe 4^^ ^Ahg ^^SI'l. 16S 4=2! ^A^g AISE a|X|>iE|. 17. 18g tHfflOl 

Q. o\D\o\\M^ ax\m =?mm s^oii m =?^°^ 3oi si^i ragoii. 4=s ^A^g aihm aixi^^ 

E|(13)0llfe EWx\ai^D[ 5&@a. E&. 19fe b|in:J|(£^ lIH^i ^EIB S&&a), 20S Sgf XII 

01S ^►s^i. 21S m^:)\. 22fe a<iva^, 23s oiisei sisoia. Egi. 24fe 4^3 • m:i\ 

25fe 3115 HAIB mm Ohy^n 6JS, 26@ OFysn <ms(25)S <yi!!3PI bIM iMS(ciX|& 6! 

s). 27S 2i^^¥Q MUiS sf^f <yaoic:i-. 

E, E 101! EAia eHEl^ OHea:!>i p^§aiOIOII SIOIAI, fe£ISIS(105)0ilfe E lOaOH ^0\M°i 
^Ahg ^5!:'l(12), A/D &b1E|(14), 4=5! ^A^g fe^5!3|(15), blin3|(19). XII01§ 

^^£!:'I(20). ^^:'I(21). ^i^SiS.(2Z), DIIEeiS|M(23) gSI E^ si^:)\ S&£I01, §2011 aidi 5!S 
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£ loaoii EAia ti\si s^^soii 91o\a-\. 2t mD\si^(m^ an^m^ sis.. EShoiw 

SIS n :'i^o)i 2ioH QB Sfe(^a)oi fi^acf. ^§i. ^Bisisfe mm icoiiah ssh 

5! xHE.ia TRoii/d ^g^fe 201 s:)! dH^oii, siss ^sm:"! gSj 

iiie^osfe lsi^=e wg^^ man m ^ sixie>. acH ?s ass ^ash 

:h:h2| tfthi s^oi 3:hi s§fs ^oi ooieoii, ^aioii 10IIA1 22f as ?goi 
TFTS A^§s^fe 201 ma. 

mm se, vGAei g^, 4=s- ^^^j <ms(24) ii ms.^ 25mhz seoio. ^. <mss 
s^8i ai:isaioioii xH^s^:'l ?)§HAHfe 4=s ^A^g aihm aixii^ada), ^Mm ai°m aixi^ 

&I(16)S ^SSJfe ^»4=SASfe SIH&OS 25MHz. d^§^5ig^31|fe 50MHz §E:'^ fi^g^l [fflgOII. 

2t AIHS eilXI:±:E|(13, 16)S^EI tlS.U 3II0|e <msB i>0hg0lfe DM abHa(14), ti1ffl(17. 

18). Sib oHss!>.sis(ii)E e¥ 50MHz(o.o5GHz) ^E^=^:3^ ^fiSMi ^a. 

SE&, 2| AiHS e)ixi>;a(i3. 16)011 cH8^o^ 4=8 • 4=^e:'itJs(24)2f m:)\MB\:>\ 9\m {iim.m m 

5!8^fe ^A^S &^5!:?l(12), 4^5) ^A^S &^£!:'l(15)fe AIHS e||X|>;EH( 13. 16)°l 4UH2I ^ 

m4^:?f sias^?^l s:ji cchsoii. o.i mxi 0.5 6Hz§£°j gfish^ii Sfe a^^h 21a. 

5E&, 01 4=^ (ys(24)2i asshoi suiaispi ?igh d\^e hi 

231(19). ae^ j\\o\m ^^a:?i(20), ^^31(21)011 msiM mm^o. n w^ow, ti\MD\{^9). ae.^ 

MO\m ^5!:7!(20). S^?l(21)°l Sg}. 0.1 LHX| 0.5GHz §E°I ^IIf=^3h SfishJII EDf. 

E 10a£| M^EOII EAIS H^£^ ^01 , 2 ijsj S(22)0|| SlOiAH 4=S • 4=^ S^l iMS(24)U Oh^ 
S3 <MS{25)M ^^^S!o^fe ^goS Shfe 2i^alS{22)0llfe ^ol feS ?S^m4(0.2 UIXI 2GHz)' 

:)[ a?a =^ stcf. zi23f maioii st&^dss ^ai^hs :?i°15H oussi sis(23)e. a<y 

aJS(22)°l SMS JL^°S. SSPI ?loHAH^ 0.2 UUI 2GHz2| ^Em^iJh gfio|-3|| . 

OI6}3f &0I. E 10°l S^ES EAie HF2f sIS^SS :3ie4K}|l SSSPI ?|6HAjfe =81 = 

o| ^m4= s^oi Ol^ajo^ jyj^ ^0I(L)2) 2^°l ^4^011 Hiai8K)| S:)^8^fe 2S OlSShOi. IHa s 

oi°i Ji\o\o\\ °\m s!8hfe ^nm^« 4= sia. 

ss, aiy ^ois b^^:?lE^ 6he ashfe ^m^m 4= sife e ^^soii A^§5^^ ^di 
a a^Bioi 3 «oi& g§ ?5oii °joH/H xHy EMag A^g5^xl an eaiy safs 4= 2i:Ji 

IIHSOII ^511 20ia. 

neQI. XH^ SOKDS 2f?ll&oSM| ^Ilf^i ^^2) iffe^S ESS^a, &^0||A1 TFTSI EEHIS! lhs^oi 

mj\\J\ BCi. oi£i& snife Eaiej ¥50(i oi£i& a^tis ^'shTii m°^>M shss 4 sick 01 &s 

n^Eh ^gs AI9ISAH Eai&J Ujg^M SfMSh^l ?|6HA1fe S^f VOD)S LH£|01 E 

ai2j smo\\ ^oixife ¥Ss xii^shfe 201 b^i^^8^a. n rasoii gf^iixi aefs uia leuh sta. 

g2Hfe BXHy SaOil SJ& th31IX| S&SI 3H8}S XHyEHOII °|5H ^ixiigixiei, ^ TFiej S^OII 

^£ie e^etOII SXHa a3K)ll °loH fe^iH8H^ 9ia. D. Wmo\\. ?IIOIS S?ye,^o| Qf = 3)||g gt 

?iie°sMi goioMi th^iixi ^2i9i Mioim mm 4 sid. 

zi g^oii, j\\o\m §33121 e^^jusj ji\o\^ oh^^as oiMShoi <Mi«5io^ ^igsFfe g^soiu. olSb^ 
Locoseaj aoi □^>las A^§8^ol lyajsjog ^£|3 e^oig <^^2^8^fe g^a ss A^go^^ sia. 

[DaUH. xHy S!0i(L) i! 3||0|e lSe|oj o| = j||(j)g gegv si^on (r^£^A^ eSfAliJoSAM S!3^fe ^ 

s ^nh4 ^ aefoiiAH°i ssf§ tssh^ii 8^fe 201 @a. ae.K 01 as ^ ^aioii°i ^ 

^AIOII 1011 OIIAIS S ^^§21 TFTOIOf^S 2ESMI. SgH2| TFTdlAH^ eXH^ m2^2| 

S g>3)l£|0j g =?^m ^AlShfe 201 QiBSI S&hom. 

SIS ^3iis §8h:3i ^oHAife =?m ^II^4^e^o^L|£^ ssssh^ a&E netsH 
201 gfisfxiei. ±bi a^s e5fao^(vDD)2i 2^011 di3ii8hoi m:>m:>\ mrnow, s^t agf 

s b^s 201 ui^^sm. 

naiU. E lOaOII 9JL0\M sidi QH^ei^. SJS(11)S ?^8tfe Sf^i TFTfe 2!i§ IHS2j ag^(TN 

;tHss ± 5v )si si± TFT »<Mo| oj^ng^^ aiKo^as an ± 2 liixi 3v)s iiim:>\ rasoii. a&^Elloll 

AHfe 14 LHXI 16V SE2I gssf ao^oi 1281511 

OiilM. E lOaOII SlOiAHfe Sfiii DHS§:!i^ SJS(II), AI = S mX\±Ei{^3. 16). D/A 2<WEI(14). 
tHffl(17. 18)eoS 14 LHXI 16Va^:?^ ^25^3^l E?}, E 10a2| gs^EOIIb EA|8HI asixiE^. 

mm s^oii ais A|^E^:?^ si^e 3 ss,^ ai^E u mii lev a^s efa. 

01^3 aOI. 84^21 »»§ SAI SxlOIIAI^ ^S eng XHgo| n|oko| gin Sf:^ 0|)M£!>. sj^ 

a&foi 14UIII 16V §Eei 201 scf. nsishoi, e ^Aioiioii/dfe ssf^gf i4 uiji lev §e, =? 

m 50MHz2| SISS ?SSPI ?|SH E lObOII EAIS H^2f aS CMOS 

a. 

E lObB E 6aOIIAI ^ggv CMOS ^^013. O\D\0\\M^ =?^0\\ 2|& ^A||g[ ^SS ^^s'&Cf. E lObOII 
SIOIAH gfi§^ 2S TFT2I XH^ aOI(L1)(28) S! 3II0IS ^as|2| a,^¥3HI(T1)(29)0ia. E. Oi:7|0||AH 

xHyaoi&h, JH^ s^2i SOI, ^ ^g^jo^ a^^sAi :)ifes=^ 4 aife ?iioim a^2j 
,y=oii Ahgehy D[^^^A^, xHy aoioiife g«oiu ldo se« goj ^oi^ s.ms\x\ stfecf. 

E 10b2| ^58 OlSSh^l ?\m SJSeJ g^. ?S ^Ilf4fe 50MHz §E £131 [[H^OII. S ^'S£l TFTej 
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3^. XHya0|{L1)(28)fe 1.5 UXI 2.5{U\S.^9.^^ 2m ni)S S^SFQ. SEgh. S2f ^gj-^ 14 LHXI 
16VS WSOW ?IIO|e §3Q|o| Qt^jJiKiDfe 1000 LHXI 2000A (aH^J o^fe 1200A)g 

:HI m^§i°^M H5I12J mgfS ^2JCf. 

S£, £ lObOII £AI@ Uh£f 10VS ^fe feg S^fSSf S^OIIAH =?mm g2:'^ TFTS ^ ^'^S 

» :iiug^ ^mm tfkse^ xh^w TR)£m v^ii sia. nuigf tft^ o\\o\e. m 
C45i9\ Bi^mm 1oooAo|^^,os 5^fe 5101 H^g^s!s^c^. 

SEit. S TFTfe 16V ^SOilE ^:tl|giOI S^fohfe 3101 ^g^!©^ SfejCITl SlXie^. ^aig 7II0I 

MS lf:i;TFT» 0|g5h>IU. AIHM aiX|>;E|(13. 16), D/A amEI(14)S 9 UXI 10V0IIAI ?gA|3|fe 

§, TFT2I Eaiei uie^oii oi^g it^:Hi ^=?m ^sKfe 501 <Mg^o| tf^^oiu :4:Ui s^^si i^:i:Oii 

^SSm. S^m. 9 LHXI IOVOIIAI ?§AI3lfe TFTfe 31I0|E laaiSI S| = 3)||g /OOLHII 1000A(CHS^° 
Sfe 800 A) §ES ^1^4=8 SCf 4^ 

Deoii, 4=s ^A^s ^^s:»i(i2), ^A^g ^^sidkis), 91^ 011231(19), sef flioia ^5!:ji(20), 

M^3I(21)°J S^OII 5^t^ 5aOIXle^, 0IS°l SIMfe 0.1 UIXI 0.5 GHz ^Hh^^B HfiM 8f 

mgoii. £ lOcCHi £Ai@ u^£^ cmos ^ss wigtta. 

£ lOcOII EAie CMOS ^^2J a§g E lObOII EAISCMOS ^SSCfE XHy 1!0I(L2)(30):'^ ^n £101, 
?tlOIM g^afo] a^ = Jl|(T2)(31):l^ gflHI @ 3t!OII SlCf. ^, amo\± x\^Di awi^jog £ lObSI 

S ^^S°1 TFT&J 3^. 0.1 LHXI 0.5 GHz §E°I ^S^»4^e ^SSPI ?loHAHfe xH^ ^0|(L2)(30)B 
0.5 LHXI 1.0 M iti(WS3Si°Sfe 0.7g m)°l DiaS S^SfS SQ. Sgh, SOI ? 

= m^^ott c[^£^ naiej ujg^oi sx^l:?^ a:)! khsoii, jhoim seieiHi et¥Dii(T2)(3i)a 400 m 

XI 600A(ajHiSJog^ 500A)S S^SMI gSf sg^g 5V SEWXI LHBI5!Cf. 

asoii, ^<i^sl^(22) ai Diieai £is(23)fe 0.2 mxi 2 ghz§£°i ^si =?m ^m4-m mam m 

4^ Wmon, E 10d)01l EAIS ma as cmos ?3ES xHSg^Cf. E lOdOII EAia CMOS XH 

y goi(L3)(32):7h SAi^Dias g^oiiwxi DiAiisfgoi, 3iioie m^^'si oi^mns) {33)E ^si g,^:?ii 

S TFieJ 3^. 0.2 LHXI 2GHz §E£I ^m^M ^^SPI ?loHAHfe XH^ a0l(L3)(32)M 

0.1 LHXI 0.5g m(CHH5!os^ o.35n iii)^^ Shd . 51I0IM S?5Bt°l 5v=3)||(t 3)(33)S 200 LHXI 400A( 

Dia2!°sfe 3ooA)s shfe aos agfs 3.3V£ sui ejsht^ 4= sia. 

S, E 10c, E lOdOII EAIS ti\9i aS O.IGHz 01 &^ §E°I ?S Oil AH ^S8hfe TFTS 

e ^*SXh eS TFT£H1 ¥ = Sia. Il^Ef TFTfe ?l|0|e 13a,^o| e^^Jiig 

500A 0IS^£ Sffe 20! dhi,^2!gm. 

Ol^lSi ^01. gSOII mSfAl TFT2J XHySOI(L) iy ?II0|E ge^mo) ai^JIKDS Cie 5!°^ &OSMI 

e^mfe axi&°i ^^4= ^^s ^asffe 2101 :)\^s\n am, 331011 °j6h 01s.^:?^xl tai si 

:?IBfe^O|| Al^iUfilS DHMSj^: p>:Seil0IS 4= SiCf. 

?S ^W4=S S:7hA|3ISAi gAIOli gsf Sg^E i^4lo^fe 3!0I :'^fe5^:?l (DieOjI. OH^ Em 

01 ys 5!iEi^QHM^>i at!^M&\o\m =?^6[^ 3!E z'h^sha. Egh. t£isiS2} as a:ii SJ^» 

5V(Efe 3.3V)S ^Sshfe SS g&^5V(E^ 3.3V)S ^SSfe IC gJ2f 51}^^ SS^h 91^ g^dl 2i01 
AH, gJS§^°) S&^OI SCm §Ffe OlgOl StD. 

^ ^AIOIIOII SlOIAIfe XHy SOKDS 0.1 mxi Zu mSJ g?|OII>M <yeiSK)j, 31I0IM g^afoj □! 

¥J)II(T)» 200 LHXI 1500A°| g^lOIIAI 5J&5I <Mi«Shfe OIIS UE|LHaxiE>. ^ ^AjOIIOH UEiy ^xll^ 
ej 4=il m& e g^AIOIIB UEfLHfe 21011 XIUXI ^3. 013101! thSaXi aCK 

e ^AioiioiiAi gse^ gs :3ie4^oii 2iOj :n^iii?ss mm niM^i ^sa TFT:'^ saioii ^ih^^ 

4^ S{fe 3!°SAH, 3 gS. m± OHM^± SIS. EdhOltH SIS SI fedlsISS iPie^^OII eXH& 

DHM^ii ci^^saiois ^ee 4= stfe son sia. 
s^. □b^ol>i Mo\^°\ am o\M\si:)\ mmsoi. m^m ms.m m:)\s\^ 51s ^^ii 

W^m 4= Sia. 3 (IH, e a^SOII SiOIAiSI XH^ SCKDSJ <Maj g^isj 5^g^g o.Olg mOITIU n 0! 

5f:3f s 310II1. 3iioie ia9}o| Q}=3,||(T)o| g^o| §^g^g soaoi^iu zi ols^efIl 

e ^gX! SBH^joS ^ TFTOII °JoHAH 2GHzO|^ S^^M =?mm Sohfe fe£ISIS:?^ §S 

1 Di^^s. ^^ssm sin. zi as g^oii sioiAife s ^^ss e& ^sg^ :?i^oi § 2i°s ^^is 

CK 

[^AIOII 4] 

e ^AlOIIOIIAife g ^^S°J TFTS Ojgeh fe£IS)Se| SjS ^^0|| CHmOl 2}Beh ^SS S-H:^. E 

10)1 EAia 0HM^>i ci^ieaioia oiis soi ^Soh:?i son. uieoi ejtHa esi 
E lie 5fSoh01 M'smci. 

^M. E llaS eJtHEH SIS0I3, PfliyS TFT(41) gNxHyS TFT(42)g Stfel CMOS 

^^SICK 21WE1 SJS£| SIS :J|Sfe 43I2f aoj UEiyCI. 

E llbfe SSJE eibHEIom, P XH^S TFT(44 , 45) 

ai N XHy§ TFT(46 , 47)^ =?^&Q. 3^. NXHy§TFT{46 . 47)°l 3II0IM S^OH eSjdSCCL) 

:n ej^aw. p xnys tft(44. 45)21 :hioim a^oiife eiaef g^<ys(CL'):Jh ej^aa. g^E eim 

EH2J filSIJISfe 483f aOI UEfyCf. S&. NXHyS TFT2t PXH^S TFTOjl iJ^afe g^<ysS I2X^|AI 
3ia, E llbOII EAI@ gsiE Qlti\E\(44)D[ S^EH^ HHOH 2^ AfQig gE^ S^E oj 
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SE 11cOil £AI9 0[*d^n ^?jx|0|ll, ojBiE|{49)2l NxH^g TFT{50) P TFT(51)^ ^ 

^SjCN, N XH^S TFT(50)01lfe <:llm(CL):3^ P xH^g TFT(52)0II^ Sl^tl m(CL' ^^9Cf. 

01 o^b^^n r^^xi^ £ iibOji £Ai^ m^E. eibHEifif i^^^cL mm, ^^m^ m^6im 

2\ ^^m ^^m9.^>M, o\^'^ii ^9\x\9\ ^^(B/ m^')m ^^cH^ m ^ 910. 

£ lldOil EMB b^2f NAND sl^OlU, P xH^g TFT{53, 54) i^i m xHyg TFT(55. 56)^ ^^SDk 

NA N 0 sznf ^^oi UE^ya. ^m, £ ^^eo\\ sais >i:i2f nor ^j^oih. p 

TFT{58. 59) N XH^^ TFT(60, 61)^ ^^^P. NOR sj^^ 62£f ^01 UEIBCK 

£ 11dOil £AI^ NAND ^ai^2J ^^S^IQ. £ 11eOil £A|@ NOR sj^fe 

QmOW. £ 1^ eHEl^ DH^^^ CI:±:MB1IOI0il SiOjAH. ^>::<M Ha^O|bH ^^(103)011 SifSl^ ^ 
Ahg AIMM aiZt^EH §y BfiXl s]^£J =?^9^ ^BllOil CHmOl, £ 12M l,^^m01 ZIBSI ^SE.^a. 

AIHM BIIXl^Ei ^ £Hx|2| 0131011 e^§gxl ^H, OlIM M^, 51^ ^^i^g Uh^OI 

^aj£ g^^m^ ^^^^ir AiHM 5iiii>^EiM A^§a^ol£ ^^&gia. 

eiti1EH(63). eitilE-1(64. 65)H1 ^1,^01 ^'1^ S^SHAH ^^^Cf. 01 (IH . oidlEH(63)°l 

£ 11a. £ibHEl(64)^ £ llbOll £Aie tihSf ^01 £j0| 9JiQ . SE§[, M^H 2itHEi(65) 

^ elt^^E^{64):?^ ^^^ehoii 91m mow ^^eh^ £1£^, ^^sa. 5Ee.K 

M^H oibHE-i(64) CHdOll £ llcOll £A1^ b^2f 0^b^^3 >i?lxie Afgm01£ ^D\\^0 . 

S^m, ^ ^AlOjlOll UEiyi ^^OIIAH^ N&«H£F (N+1) &JRHHI ^s.m £ lldOll £AI9 U^£f ^B 

NAND sj^(66)oiiAH tdi^sjg ^^j) m^o[^m =?^sio\ ttHsoii. ® ^m.D\ ^x\X\ ^Hd^ 

P. 

OmoW, AIMM aiXIri^EH U^^^E-] Mm(a)^ &lfcHE-l(67)e OlgSfOI <i!m(a)2f 

d^(a')^ UVOiX^, £ 12b^ £AIS sl^S ^liytFCK nam, <i!m(a)2l ^^(a')^ 

a4^2i diM <:ij^<:fi(68)Di-a i&«h^ eHxi(69)°i M^<:d^^AH ^^^^p. se. ui^ ^^iim^e n 

Omm, 2&JRH2J eHx((70)0il M^<:iim(b ^ b'):?^ ^4^(N?H)2l eHxl(69)2| ^XIEiH SiEl ^ 

^mai n::'H^ eHxi(70)^ 2lye^a. nam. aixi(70)^ ^mm eitHEi(7i)M oigmoi ^ 
mc^ . di) ii ^m.{c,\ di')^ uvoiEia. SE. oi::)|oiiAH^ <y^x^ ^^^'m oii^msxiE.^ 

OliJTil oHAH EHxl li^^¥Ei b|^^m(ci. d,, ^c^\ d/- • )^ £ 12c011 £A|& D/A ^tHE-i^ 

Stye^P. £ 12c01l £A|@ D/A ^WEHOll 9JiO\k\, O^^^^Zl ^^xl(72)(£ 11c ^'^)^ dIM 

<M^>M(68)2j 4^. m s^sa. nam, n N:)H2i ohb^^n ^^xi^ 

^{74)01 Ofb^^n <il^^!!l(73)°l :iH^2[ ^4^. ^ N^^HQI U^6H2, 0[^'^D. ^m.M 

^ ^A|01|£l D/A ^dlElfe a4=Hj 0^b^^Zl >i^Xl(72)e ^i^^i^o^Ml N^::'H2J Ohb^^Zl <iil^^(73)^^ 

1st bit lineO^^EH21 blM <i!m(c1 ^ c1')M dl^ ^Cl. £ 12b£i BUxl sl^^¥E-i MUl^ 
dIM £ 12c01l 9JiO\k\ sl^^EKlBWDOll U^m^ N^IiHSJ 0^b'^3 ^^xl £¥011 Q\o[0\ tl 

sMi Ei^sa. nam. n' :h°i ohb^^n :^¥ixi enj ^:iiei::'Pf oia ^^^m s^^eh^ aoi. 

UDIXPf £H ^^EH^ £1£^ ^?1I9CL 

01^^31 ^^01 a^OI. 29W1°I 0^b^^3 ^^xl£ 2nd bit line{d S d')o^^Ei°l blM 

^AH B^^Eil SE^ ^^EH:?^ ^P. 01 ffH . B/£H ^^EH^ 1&^W2ffe QB =R^^m ^'^m ^?il9 

a. 

3^m oi^£ oi^^iQf ^B oi^oixiDi, 5ie^^^^ ubm L\mm m(74) e^i oi£ aFu^i i^ 

EIOI o}£A| NI^H £^ Ohb'^3 >l?lxl:?^ £1£^ ^^I^D. OlglHI 5^01 N^:iH21 0^k^^Zl {^m. 

aMoii, £ 121 oijEiM OH^^^ ci>^Meiloioii bHxisj^ ?i^^biin::'i(ii4), lpf(^¥ hh^ ^EDdis). 
imm ^^si:?i(ii6). ^^::'i{ii7)°i =?^9\ sais £ 13011 £Aieha. 

£ 13a01l £A1S bim I ( 114)01 IQ . 4:H2i NAND SJ^(75)(£ lid §^5), ZD^Sl oitHE^76(£ 

11a m^)m ^mmo\ £§f, lpf(ii5)^ biii:ii(ii4)2j ^^&.n^oii ni^(77)3f 

gi.^(78)^^ ^^@Cf. 

£ ISbOil £Aia 2B 2^ X^IO^S ^^£!::il(116)0|Ii, old^El{79), NNAO Sj^(80). NOR ^^(81)(£ lie 
m^), P TFT(82) ^ N xHyg TFT(83)M ^i^6f01 ^^SP. £, 84^ SS^^M ^^6h^ si 

^OICK 

£ IScOll £Aie 2B ^^:'I(117)0II1. T-F/F(£e SilMS)llS(85)S S^6^01 ^^@CK 
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o!WEl(86, 87) ^ eitHEH(88)(}|!>d ^HS §^6K)1 ^^^^D. g^H eiWEI(86. 87) ^ 
eitHEH(88)01l ^oHAH^ OIDI ^^A||6MI ^SSti:'! ELH^Oll ^^^^HIF. 

01^^. e ^AlOll^ £ 1£j ^EIM OH^^':^ Pr^MaiOmi UIS^ ^^^^OJI QjohOI ^gmSP. 3a-i 
U. £ 11a LUXI llbOfI £AI9 Uh2f IJI^OI £1^ sJ^M 5!^^ Oia-i:?hXI ^ 

[^AIOII 5] 

e ^AIOIIOIIAH^ £ 8, £ 9M ^^^moi ^Sth X]\^ SS^^ CMOS ^Sm^ 3^ 

^ 011011 asm ^^mo, 5e, s ^Aioiioii s^oiah^ ^se £ mm i^^a^oi cmo ^^o^l°^ s^o^5^o^ 

¥<ifi. 1401)^^011 #^#(1402, i403)e s^t.KiF. HEiiL, ^m^±^'{m9\ no\^ 

^^si)(i404)e m^m ^. ^DH m±9Ji D\\E\^ R^M\^{m^^ Bd^m ^mm^ m9\:)\o\\ 2io^A^^ 
D\mx^^\)m mmo^, #^#(1402, i403)e ^ ^^soii oiga^^ ^ei^ ^^^^h^ ^^ai^ci. oi::>|7?^xi 

b ^AlOil 1011 UEfUl SSOll CQEhAH X-ll^,^^^ 4. oj^Q , 

QmOW, S^a{1402. 1403)^^011 ^^^Dlsg ^^^^^ j^^^ IIH©(£EAiaHI &e)g § 

^am, 3 ^. 3%°i ^^^^e si.^t^ oiii^^EiM ssH^oiiAH gf^<i^^M ismol, ^^gh 

<ih^Q|(1405. 1406)M g^tha . EEth, Oi:?IOilAH :>il01M 2^(1407, 1408)01 m^S^CF. 

0|g:HI 5HAH £ 14a2J ^^S\D[ ^0\X\B. CfgOII 01 &^EH^ S^S(1402. 1403)011 CH6^0^ I^E^M ^01 
6fe M^e 01^21 ^gje IBt^CF, EE. 01 Oie ^EJ g§B 31X1^^ Of>,aM 01§5^01 N XH^S 

TFTOii^ p olse. p m^m tftoii^ b o\^m EDm^m mmo, mm, oi gib ssoii 2joH 
m m^m S^{1409, i4io), ps m^m s^(i4ii, 1412)01 g^^a. 

m^m 01&21 ^^01 esahe, msi^:^^Humm o.suixi ig msi ^thi^ ^ge^p. ^'m^ ^^sb 

omiHl 5HAH £ 14b2| ^^EH:'^ SOl^ICK £ 14b2J ^^aD\ ^OiXlS. CfMOll gsff?:i:^^( 1413)M Oiixl^ 
soil OllSmOl, :>ilOIM 2^(1407, 1408)HJ ^^01l°f t^^Ama. 01 gSOIl 21511. :>1I0!M 

2^(1407, 1408)°! ^^011^ ^^(1414, 1415)01 l^BD. 

Omm, ^^(1414. 1415) ^ :H101M 2^(1407, 1408)M DF^BMAH H£f0| OlliiSOil £| 6H 

<i^£^ff^a^(1404)m oiistha. oi ^§011 sioh. £ ucoii sai^ ofsf ^^eh^ :hioim 

^2^^^(1416. 1417)01 g^SDK 

mm, £ 14C01I £Ai^ ^^EH^ cFAi m^m 01^21 lytha. 01 oig s^^ahhi ois 

^^01 N XW^m TFT^f P j^iy^ TFT^ UVOI&a. 5Eth. 01 0. ^MS\ OlS ^ 

01 0|g ^^Al. ^^(1414, 1415)d^^ Om9\ S«(1418mX| 1421)^ 0|B ^ElOj lyoHXjXj CH^ 

Oil. m^m 0IS21 ^^gxi &^a. he-iu. ^#e[ s^(i422 uixi 1425)^ se^^ h^s^i m 
oieoi ^ejacL 

0l^^3f 2ejjRH2| OlS ^EJg :?1^AH, N xH^lTFTg ^>;:S^(1422). Haiei 3^(1423). X-lfe£ 

M^g S^(1418, 1419), ffly §a g«(i426) ^ P xH^g TFT2I ^ ( 1425) . ESI 2] 

g^(1424). XH^EE S^(1420, 1421). xH^ §^ S^(1427)0I ^^SEKE 14c), 

01^^21 >I5Q<A1 £ 14c2| ^^EH:?^ ^01X1^. 300 A 21 ¥JH!21 SEAI^XI &g g^SI^^M S^6^3. 

g^&i^^5f ^EI^^^(#^e)M ^^gAI^EL ZLEIH. gr^^Hl^^^ Hl>|gh ^. CHy^ ^011 21& :)[ 

m xHdIM lyil^^Mi 4i^S^(1422. 1425) £312] S^{1423. 1424)2| SSOll 

^E|AhO!£(1428 UiXI 1431)^ ^^elP. SE . 01 g^SI^^ Ol^^iiOII . EIEffe^^ mdl^ei 

R A^gmoiE ^Eh. 

peolL eef ^3^^{1432)^^AH <:l^^f^^^^^M 5000A2I ^3)||^ m^o[0\, :^^^d(1433. 1434). Eai2i 
<:fl{1435)M ^^E^a. SEt[, DH^^r^i sl^M ^^6^^ HfSOIIAH. HI2 ^2^^(1436). M3 m 

eh 12°|(1437). X-II4 ^^^^(1438)01 g^SEf. OltllHl 5HAH £ 14d01l £A|@ CMOS 

a. 

TFTM H ^AIOIIOIIAH £A|S b^2f ^^(^El AhOlE =?^)m . 2i 2^01 ElElfe ^ 

E1A^0I£(1428 mXI USDS ±:^/^d^\21 S^aPl [TH^Oil gf^E.^ ^^^S 4^ 

2iEf. a>E^A^, ^a^:^^ ^^tii ^11^4-:?^ ^^^^ 4= 

[^AlOII 6] 

^ ^AlOtlOIIAH^ £ 8. £ 9, £ 14S m^n\0\ ^Se^ EF^ Xll^^ g§o^ cMOS q^^S 

^ S^2i OiiOll CH6F0i ^gg[Ef. £ 15M ^^^EFD. 

^AIOII 1011 OlIAie J\\^' gSOII OEUH. S :?1 Sh( 1501 )^^ Oil #^#{1502. 1503). ^011 :>IIOIM 1 

e^^^oi £1^ <ii[ifffrii^^( 15014)^ g^tha. nam. n ?ioii isi£^e ^o\m ^aie ^^9|o^ 

e >IIOIM 2^(1505. 1506)e ^^§hEF (£ 15a). 

£ 15a2l ^01X10. aeoil Ol ^^EH^ S^#(1502. 1503)011 CUmOi 12£^S ¥01^^ M^M 

01^21 mmQ. £. OIB P Oie3f B OIBM ^yi^l^^^ ^D\t[0\ ISe^a. 3EI 

H. 01 OlS SgOll 21oH N ^M^g g^(1507, 1508). P m M^m S^(1509. 1510)01 
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a. 

m^m oi^oj ^^01 e^ms. ^aioii 5£f ssoiiah ^i}^^Qt(i5ii)e m^mn, n ^ 
owxi^^m o\mmo\ ^^{1512, i5i3)e m^mo. mmw 5£f ^soiiah 

a,^(1504)» OilSa^OI, :HI0|M ^2^ei,^(1514. 1515)e £ 15c0|| £AI9 ^^EH^ g^g^CI. 

£ 15c0il EEAI^ ^^EH^ QAI M±M Ol^o| ^t^D. 01 01^ g§£ 2nUH°J 01^ 

SSHf ^01 m^m TFTBf PXHy^ TFT^ ^^e^a. SEe.^ 01 (IH. Sc^AH^ 0I& ^^o] 

0\m:>\\ 5HAH NxH^g TFTSj ^^S^(1516), g«(1517), M^M S^(1518. 1519). XH^ 

1^ S«(1520) §y P XH^^ TFTSI ^ ( 1521 ) . EeiieJ S^(1522), XH^£ §^(1523. 

1524). xHy S^(1525)01 ^^SD. 

QrnOW. ^AIOII 5011 UEfyi Uh£f ^£1 AhOI^ gS^. EIE}fe°ie AhgShOj m^Q . II ^ 

>iS^(1516, 1522) ^ £5iieJ S«(1517, 1521). 3^011 :HI0|^ S^(1505, 1506)2j ^^^011. E\E}^ ^ 
£|AhOIE(1526 LHXI 1531):?^ ^^SCF. 

OmOW, ^^et(1532)e S^mOI. :4i>i^(1533, 153 4). <y^(1535)e ^^5^01. M2 m2} 

^^^^••(1536). m aZ! ^2^^(1537). M4 #ei ^9^^^(1538)g g^afOi £ 15d011 £A|^ CMOS 
^^CK ^ ^AI01I°I ElEl^dl A^OI^M BoW m^D\ TFT:*^ ^^^t[ ^^^M ^^l"" 4^ 

910. ^ ^A|Oj|£| OIS^ :HI0|M 3^(1505. 1506)S| ^OJI£ EjEfM ^ dl AFOI H ( 1530. 1531):'F l^£i 

i:!! [CH^oii. :>iioi^<yoii xm^M 2,^^^^ 4= 91^ mo\Q. 

[^AlOjl 7] 

^ ^MrnOW 9lO\A-\, ^AtOll 121 £ 20ilAl ^StP 5^A1l>i011 SloHAH ^:HI & ^£1^ ^^5|0! g 

0101 AH^maa. ^ ^AlOilOllAH^ ^AIOII IHf^ M^\B ^'^'M ^ 

%'^o\\ A[mm^ Oils UEitiia. 

EE 2011 9X0\A-\, £ 2c01l £A|@ ^^EH(^gfifS 9\m Dmx^^\D[ Bm)m □^>l3^ S >l^ 

s[^?rt:^^(203)e li\:>imQ. ^m^^^(203)m lM:Hm^, KrfmS 248nm), XeCI {m^ 308nm) 01 

D\ mo\ o\mm ^MQ\ aioix-ioii o\Mmm lytFQ. 5e§^. 01 Biloix-i a^yg ^ei^ 
^§^2j I'Hiidol lymoi^a. oi^>ii moi ^o^& ^ei^ A^gmoit. ^ ^^s^i ^heim 

0HM2^^ Clr^MeilOlM ^ ^ ^A101|£J 0|§g eilEIM DH^^^ P^MBilOISi AHM 

51101^ J\B^^A-\ ^D\21 mE\^ D\Bm A[^m 4^ 91^ SOIP. X-||^d|g°j ^'^m E:^m ^ 9Ji 

CI. 

Q^, ^ m^m ^Aim^ciioii s^oiAH D[s m^'^m mm^ ^aioii ioii uEitu ^ai^ ^^^im 
TFTM A^g5^b 510ID1. ^ ^Aioii^ D\B9.^A-\ JIB ms\ x^^\m^ D\mm A\mm ^q^oi ^ 

sEm, ^Aioii loil uE^tH ^ ^AioiiHj g§g ii.^moi£ sa. ^. aioixi oiyg ss^oii ^ 

(^AlOjl 8) 

^ ^AlOII^AHb ^IfHS 7- 130652m :?IXH°I Jl^H^^ ^Qil m±m 

mDm^ o\\m UEitHEf. EEt[. e ^Aioii^ ^Aioii i5f ^Aioii 6 e^i oii^ 5^u°i ^mm ^Bm m 

E 16a0|| SiOIAH, 1601^ S^g i;>^ I^I^-KgE^^^ J\B 1602^ f?^0|o^ 

6^x1^^. i603g yi§§ ^£1^ ^^^^ 1504^ tHmsoi ^±^'o\^\^x\ 

Ee[. 1605^ aixi^M □^:^^aolI), ^oh m^m s::'^o^b s^&^e niDiowma. aixi^M oh>^32i ^ 
^Alo^ aiioixHg A^§t[ in^aoiu sixmM A\mm bz^^ mm A^gm^ 5101 u^^^^a^a. 

015ie^ iuSS^ DH^ DIAilth IIHil^^OI Dl^m^W HH^Oll 0.01 UIX| I.Og m(^H^HS^ 0.1UI 

XI 0.35g m)°l ^^^^^ ^DH^db^ S^M ^^^^ 4^ EE^^, SX^gJ £11X1^ 

nam. EE 16a£J ^^91 £^0j| £Aia U^£f ^^01, U\Sm ^Eie ^^^^(1603)eOII 0|g H^E^^(1607) 

2i m^^oi moi 01^^ m^mo. nm mm. ^di^ ^^e,^(i603)eoii^ ±^2\ ^^m^'^o\ 

^Ib 3x lo'" LHXI 1.5X 10^'atoms /cm')^ ^OH m±D\ ^DiE. S^(1606)0| g^SP. EE&. OIS£j ^ 

^^SB 018 ^sa(oi8 Meiiaioi^:^ m) EE^ 018 £ss(Md^^o^ £S e)oii ¥^^mxi°i. 

^DH 4- 9Ji^ 018 ^EiS2| 5101 bl^i,^^oK::f. 

Eth. ^ ^AIOII^AH^ WEHS{1604)o^ b|§g ^^^^(1603)S S^. tiifflS(1604)e e^fth ^ 

OH 0|gt^Q. 3 ttH^Oil, Omn^ rnHfM 4= 2^^. 

(1) 018 m:^m\ £ieh aiDixi:'f msm ^ai^ ^^ei(i603)oii oimoi gxi &^Ef. 

(2) 018 H^m^(i607)2j EiBg.^ ¥ee^M oig6Pi ffH^oij. ^DH ^4i£i XH^^ 9Jin l]\0\ 
m 4^ 
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Seh, tiin-)S(1604)21 9|^3)||fe lOOLHXI 1500 A (Hh^S! ShJllfe 300UIII 800A)os S^SM) IHS^OI gf 
SfV CIS HSm&g Ba. 013! 0I6^°I ei-%j)||^/Hfe :H£I OISOI tffflgS CIS 

m^°i niast veEhs oigmfe 501 a^sHsio. £e&, 01 o|fe^°l E'Sim fe^&si 

&^ mB.:i\ (iHsoii sxisi ^&oi jhsio. 

SEfh. Cfg ^AISEHSAH. E 16bOII UEIUIfe b^2^ ^'SSE :J^feo^C^. £ 16bO|| UEHJIfe Ojife, eil 

x\±^ Qi±:Bm A^s8^xl an ^oh m± oism ^£is ^^QKi606)goii s!:'^s^fe gfaoi 

I!. FIB (Focussed Ion Beam) SSHf SOI DIAIjef ^^0\\<L^ OISS SAf^^ 4= Slfe D\^m 0|§S^fe 5! 
°^ ^Alfi- ^ S1P-. 

0! ^AlgEHSAHfe E 16bOII UEfUlfe bF2f ^01, Se OieS(1608)0ll SloHAi ^S^jo^ nHSOl HSf 
301, SlShfe ?1x|0|| SShfe gfe^oS ^OH S!^°1 9^(1609)§ 1^^^ 4= SlCf. 

0|&^3^ SOI. e ^AIOIIOII BiSm ^QH SrdiSI S^°J 0.01 L4iXI 1.0m ni(aiH2!0Sfe 0.1 Ul 

II 0.35m m)oi Q\M\m 2!°s m 4= 2^c^. sxhgjaoi£hgxi FIB am§ A\mmoi ^m^°^ § 
:?^ s^s iasfff 4=e sicf. 014.^21 sa^/d. ^oh ^^m ^^m^ g^foiEfgJi ?ixi» tft 
£1 wx\ =?^o\\ gs>^oi x\^m:>\\ M:A\m 2ia. 

(^AlOtl 9) 

S ^AlOIISAIfe SAI SXISJ SJ^ S^Sj E 72f^ Shfe S¥2| OIB E 

17011 UEftdCf. E 17011 UEUHfe :?^OII aiOIAI. 1701, 1702fe g^S, 1703, 1704fe ii^dl. 1705. 
1706S ?IIO|e<y. 1707S ±±{^(m6)lH SSg(4:±S^)(1702)2f2) e^^¥, 1708S 
bH<y(1709)ilJ SSS(Eaiei S^)(1702)3|o| es!^^, I710g HH<y(1709)3f sf4: S^(1711)3f°l 
saiM^Oia. 

1712fe Si MlfOm, Ah<yo^ UEIUfe B?!) DF>;3( 1713)2} UH<y(1709)0l ggSf^ Se« 

s^@a. E&, □}>;a(i7i3)s Mmax\ s^(i7i4)oi sai s«oi ea. 

e ^Al Oj|2f Sg aHxl ^^S, S^OI All^ ^0|2J S&^§^J 3^011 SIOIAH 2J ^g}S,MXiee if 

8h01 9\ Efe OhSHS g.^Shfe yS^)OII MS §if(1712)M 4= 2i:?l (IH^OII, gifM m 

(^AlOtl 10) 

m EE S:"! S§f Pd}0l^0|| DISFOI 5!g :'^fe5^ffl, eHEjw DHea!ii:S eH§ ha| §1| , ^"£1 

M OHM^i^iS EL HAI SX\. eijEIM DH^S^^S EC HAj §X|§Oil ^mm 4^ SIO. 

OI3SIlf 2HEIS OHM&!i^§°l SAI SXIOIIfe CamBKH HAI Sx|2f &A\m HAI § 

xi:?} sip. disMa, mmm '^m hai sxi^ sijeis dhm§:|^ :'is(tfts bHxl5^fe 3ie)°j a 

aoil eii £^0|es ^xlShOI, HAI SxIS ^3f5}fe gys Sfe 31°^ eJ<!MShfe SlOm. Ei[. 

bhA}§ o!i§ HAI &X|^ SMEIM m^^± J\B°\ H^^OIIAI iJA}sh °»E\^ J\BO\\ bHxl 

^3fs HAI &XI2I e^A^s HAI sxis TFT ^soii E x^ol:'^ gjiie, st^ a^s s^sf^ IHs:J^ a 
m mow mso\ sia. oiigMS, ^mm hai gxia msfrnb e 7011 aioiAH°j a^(7ii)( 

Efe E 17011 S101A1°I siii £!^(1711))oSAH ITO S°l S^S AhgSie SCK Et.K H 

Ai sxis sife s^oiife, si± a^(7ii)(Efe m± s^(i7ii))osah e^Ah ssoi MS m^^ 
s Aigsie ma. 

0|2f SOI, Cfdi: TFT efi}A|3|S, g ^^SS HAI SxIdlE &A\m HAI gxlOllE 

4= Sia. ^61, e}Al§ HAI SxIfe PH^Sg ^fllS 6HI SflJI ILH^OII. HAI §Xl21 dl528K)1 

^311 »^E:71 aCH5!P:n Shfe 0|§S D[EQ. OtISSe ^3}§ ^§ hai gxlOll SAOIAH S}4: s^s 
:H2| HAI S^(714){Efe HAI S^(1714))a SOI ^SShfe ^S^S ^^SCH 

Sine}, eiAis eH§ HAI sxiej a^oiife nsi as hai aaoii ^esi si^s s^s^fe 
5!0i :3ife§i-:7i iiHsoii asiES s.q 4= sici-. 

(^AIOI 11) 

S ^SS ^£1 H^a!<!f§ 2H§ HAI SxlOll sjggh g:?o| o)|S E 18a01l UEttHCI. E 18aS IDH^ 
eijg nHys A^g5^ Be<i^ HS5!!E1°I ^aiOm, efj^yj SSKIBOD, UV lEH(Efe §EH)(802), s 
Se.K1803, 1805), 1111^(1804), @J5S(1806)S ^^SCl. aijilj SS!(1801)oSAHfe, ^Sa! 

^H. Olie £10IE ^H Efe I1?IE gfS gHgg Alg^^ 4^ SIP. 

ESh. lIHg(1804)S ^CHES UEHHfe dia ^^01, R {"^^i^)0|| Ct|g& m± S^(1807), G i^m) 

Oil ygth S^(1808), B (IIf^^)OII CHgeh si± §2^(1809)01 m^S ^E\^ n]\^^± :»l&(1810) 

nf, R ("#sh)oii am^ ^eh(i8ii), g (s^)oii a\mm ga eE-i(i8i2). b (EHh)oii amm ga 

gEH(1813):31 Q\m ::'ie(1814)2| AIOIOII 2!j§S(i815)S 73191 ^01 =?^Ba. 

E§[, ^^OISIOIIE 0\SAD[X\°i =?^9.^ m 4= SICK OlgMS, SSSS^EHSI gyS ClOIMSei 

□ lEHS RGBOll SS8I-01, 2|2|g DIGIB^ eOSB OlgSlOl RGBOII i:Hg81fe 2| S}4; S^Oll 2» 
as AlgShOlE Sd. 

Eth, E 18bfe RGBOll Qlgef 3DH2I eH§ ]iHa§ Alg& &^e<!^ H^SjEJoi ^BIIOlIi, ^S!(1820), 
UV ^EH(Efe §E-1)(1821), Eg eiAl □iei(1822 LHXI 1824), ClOlg^SJ □|£H(1825 LHXI 1828), 

E^M a!i(1829 LHII 1831), ROII CHggf 1111^(1832), GOII eng nHy(1833). BOll □lge^ 
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IIHtf(1834), ¥3 e!!^(1835)S ^^SP-. 
SE&, E 18a, (18b)0ll UEit!! ngwj^^g oHg g/^i ¥A^§2| QIOIEI HSSIEiSAHE g 

n, dHS ¥A^g°J £ioig HS2!iEi(Tv)MAH£ ma. 



siss^ nHaoii ^iieh ?^oi £1:11 

(^AIOII 12) 



5!|§ fiAl SxISAi OlSShfe 5!°^. i^s xH£l 



a ^^gg ^/,|oj| 11011 UEIt« HSaj<:3§ HAI SxlO|2|01l£ 01 £1 DiX\°i BD\ C\ti\0\±(M 

Mshoi sjgol :Phfe§ha. e ^AioiisAife. s ^'■gs sjms 4- aife s:)! #§f citifoi^°i ^aioii at 

SfOI E 19S 0|gSK)1 ^SShCf. 

E 19afe ^b^^ S^E|(2^gSEj)0II2. £5^1(2001), 3h01l£h¥(2002). 4=&^¥(2003), 
^?lil(2004), HAI Sx|(2005)^ ^^^a. ^ HAI §XI(2005)OII ^{golOi HAI tHEgaj i| 

^£1^x1 ^<i^ sises ^Dsife 31°^ ^^E§ sdh^ gSEis M^m ^ sia. 

E 19bfe 5IIE QlgS C|>:SaiOIOIJl, ^31(2101). HAI §X|(2102). eHE¥(2103)M e 
SS HAI &x|(2102)0ll sissife 50^ CH^o^ Sxl°| 4:§SfM ES&^ 4= SIQ. 

E 19cfe 3H4ldl71IOIi!3 A|>ig{Oi:n. efll(2201), HAI SX|(2202), Xl(2203) , ehaiLK2204)^ 

=?^mo. 3H4ibi?iioi<:f Aliiiuoiife ?i^oiiah°i §M?h oi^a:3i dH^oii. <ys xne-ioiife oh¥ ^ 

S ^W4^2| m^Di mS.BiD\\ BO. e ^^Se HAI SX|(2202)0|I ^!S6^fe 33°^ 9H-Hb|?IIOI<y Mt^ 

E 19dfe SSfOm, gfl|(2301), ^§^¥(2302), gj^¥(2303). HAI §X|(2304), 2:^ 

>i¥|x|(2305). e^SIU(2306)S =?^BQ. S HA| Sxl(2304)OII ^gSlfe aSS PXIl^ QIS2I 

HAI ELIE1S mJ^m ^ SICK 

E 19eb blP2 3Kl||£fO|Il, gX-||(2401), HAI &xl(2402). §^ ej^¥(2403). i!i?l x|(2404) . dH 

Eldl{2405), 4^&^¥(2406)S ^^^Cf. ^ ^^Sg HAI Sxl(2402)0ll ^gSf^ &Xl ^^01 01 

sajog 2|2^sfa:?i iDi^oii, OH^ ib§8J Sxis Mmm 4= 2^c^. 

0|&^a ^01, g ^^S2| ggS?lfe DH^ an. Eg MOfSI HAI OHxIIOII sJSSIfe SOI Ji^o[0. E 

e sjgshfe >!°s eijEi^ DHM§:!>; PiiiSaioi xhxiioii olai:'^x|°l g>?ii » 4- 2i?i 
(iHSoii , BD\ Pbhoi>:2i A^ol^3^ oh¥ aa. ssH^jo^^ eg gsf pbhoi:^;:)i ^^ 
mm cibi-oi>iS a 4= sio. 



^d, e ^A|o^feC||01l aiOIAH OH^ gSel- J\^D\mO\ JIX^S.^ S3[0ll Q^8^01 5]^5^C^. H 51 

e :'isoigh, ^DH s!^s o|gs^ol gsath ^aisoii cjisho* m^m ^±o{\ °i& ^dh m±°i yi\ 

EliJ H^AII:i:S ^olfe 5!EM. OH^ ^0|& §§ ^^fllS D[X\^ ^£ie ete^g ^fe SOIQ. 

^AjOII 1011 UEItH b^2f &g Ji\^ SSES g^Slfe ^£1^ e|o|g A^St^ TFTfe eg§ ^£ISS A| 
g&MOSFETOII gSISFfe AHM. >:5!J^E 31I4^B PIXIDi, MS 231! OlgES D\X\J1 aiDIl 5^fe ^ 

§01 91Q. afpi Efe eg eiQl l§oi mmS[W g^Sfe 1§ ^SfllS 

gfe ^£15 efofg, 3 xhxiioii E+wa sag en^iisife S3^:'^ sin, tfts □lAlls^5^o1E JH^EHsg 
oil SIXI& gm. nmgi- gsf m^m ^mm 4= sta. 

cm QH¥ MS Ss, ^ =?m ^E^4^ s sgf s^oi ^as tfts A^g5^te 2°^. 

TFT2f nUief ?g§ TFTg SS 3ie4}0|| g^Shfe 201 Dl^oi:>\\ BO. 

E&, EHaoii 2|x|o^xl an bxh^ sjfs 2^I||^^ 4= at:?! on^oii. tftsj xiiy aoKD ?iioi 

M IS^^SJ ai^JHKDS bl^fe g5} ^^01 OS TFTS 4= SIP. II^£^A^. 2?S^ 

^^01! OiEiM XHy SOI(L) ^ 5110!^ g^o^o] Q|C3,||(j)g c^g 510^ g^^ 5!^ Efe 

^gwo^ jl^oj §^ g«g ypTS ^g ^»4^ SI g^f Si^ 01 

gW 4- SIP. 

oi&^uf as aafs mm 4= sife 2°^, g^ :3i&^^oii n^m ^mm insi nmg^ =?mm tfts a 
fe£isiM, E£ioibi as iy sii^i DHsal:^i s\s.m mx\m t£i sism&g sheim dhm^^ p^ 
seiiois umm 4= 910. 

e ^^S£l 5!jPH OH^^:^; P^SaiOlfe m± OHM^>: llSaSXI E£^0lb^ us OI2I0II. HAI aMS 
SIS, ()IIE£| SIS, ?^^oSfe gj^h SISE H&l^ 4= fe£ISJSS ihIHS|:)| 9\mM. DH^ P:*! 

gs, ^aaoii ^4^^ Ai;5:ij Pi^saioisAH :?|ge^p. Ee^, n^m ^gsisM g^^ se^oi seoi 
&^os 3911 gxi SE^ ^5iia:7i tmeoii. x^^ti\ s^^oiie 2°s bo. 

3£f as eiJEIM DH^^i^^ PibSaiOIS, OllSSe HSaii^g eijg HAI SxlSi aS S^f 

Pbioi^oii 2S!gohfe s^s, o^^ iiigoi^AH gi,*2s, giiFaj 2:11 s§f Pbhoir^s JJissife 3101 
::'|g5ip. 
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(57) &^2I 
1 

C\^9\ L\^9\ TilOl^^ ^ 0^9\ TFTM ^CH£ Si.^SK31 ^^Sfe If^ DHM^>^ lj^2f. 

Ah;?! ^mm^ ^^<y HBfoibH ^ ^oi :}iioiM<yM ^esf^ >iioi^<y naioitH s\^m 

^o\^ si^ah^ HamibH ^isfif. 

H^^oltH u^s ^em::'! ^shah ^M^^f Ah:i| ohm^a^o)i siirsj^ §mm s 
tim.m n^m^ ^^i ij^m rnxmo^ ^^sife ^eim dhm^^ p^Maioioii 

s\±: OHM^:±: , H^^O|bH fi] ^ ^ £| ^ ^ ^ S-l ^ °J th a^HI TFT 

AH^ Qj^^ mmnm, 5Ee.K ^^E^^M Cl-^^ ^^CH 

^Maioi. 

04-0] -ywo]^^ ^ tftm ^ch£ ss^ahoi dh^^:;:^ ^^2f. 

Ah^i ^ea^^ H^^oltH si^ iy 3iioiM<Me ^ea^^ >iioi^<y hb^oiw sJ^s 

^CH£ Si^m^ HB^OIbH 

<M^g x^^m^ ^di ii^b :'i&&^oii mxmcA ^^3^ ^ei^ ohm^>^ ci^^Maioioii 
^£1^ ^^^^e ^^oh^ 9101 sEfe as ^^cn lh^^ ^§ ^xh:?i- ^^^^^ 

^£101 sin, 3H£|O101l SiOIAH ^g^o^ B^SOIdHI ^ 91^ 51^ ^El^ OH 

P^M^IIOI. 

3 

>;.>^^^ :hioi^<m ^ tftm ^ai£ si^^afoi sf^i oh^^^ ai^sf. 

Ah::ti ^^a^^ ^^<:!j ^ahoitH s :>lloiM<Me ip^^^^ d\\o\^^ na^oitH sJ^m 

^OiSE Hd^OIW ^^£f, 

^oi HB^oitH 3\^m ^mo\D\ ?ioHAH ^Qt[ dssf m^^^^m sss^ if^^ ssm s 

gvs^^ <M^M XH£I6^^ fed! SJSM I'lEh^^Oll bHximOj eijEI^ DHM^'^ CI^MBIIOIOl! 
S^OIAH. 

^^:?| a4^2J TFTHI AHH>::^^H N XH^g TFT % P xHy§ TFT 60 LHXI 100mV/ decade 2J 51 
4 

Q4=3J 4::^<^, y\0\^^ Lf4^H| TFTM ^ Oi £ iti^mOi Sf^: QH^^^ s\^9\ , 

Aoi ^em^ Hd^oltH ^ :>iioi^<Me 'mq\^<^ HdFoibH sj^e 

^0i£ Si,^6^^ HS^OIbH sj^£f. 

^dl-OlbH 2\^m =?%o\D\ ¥ioHAH 0HM2^>^¥Oil af^^ §MM S 

g^m^ xHdim^ sj^M ::'i&&^oii bHximOj ^^SJ^ ^E\^ DH^^'^ P>::Mai0|01l 

^go^ oijEIM DHM^^ C|>:SaiOI. 

S^S 5 

P^^Sj :H!0|^<m oi Qf4.o| Tpjg 5jO]£ Si^o^Oi m± DH^^:^ 

^Ol ^r^n^MM ^eSf^ HdhOltfi a^ S :>ilO|^^s IHlOl^^ HEmiW lISM 

^Oi£ Sgrahfe ^d^OltH a^2f. 

Ha^Olb^ SI^M ^^aPI ^oHAH ^Seh <M^£f a^i DH^^>^¥Oil £f^^ SMM s 

i^m^ tim.m x^^m^ tai si^s mx\o\o\ ^^a^ e^iEi^ ohm^^^ p^iMaioioii 
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sf^ OHM^^ m^. HdhOlW ^ ^£1^ ^^^^Oil 9]^ Ot4-2\ TFT 

^Ol TFT2i ^01 ^ I SE^ :?ilOIM ^£5^^^ ^ ^Wl^. oHS D4=°l TFT^ 
6 

Q^oj C\^9\ -)\\0\^^ §y Ch4.oj TFTe ^C>^£ S^^6K)1 ^^£1^ £^4:: OHM^^ Sl^2f, 

Ah:ji :^>.^^ ^em^ HdFoibi ^ ?jioiM<ye ^em^ y\o\^^ hefoiw usm 

^C»£ HBfOlHi 

^oi HEFoitH 9\^m ^m^\D\ ?I5HAH iM^2f Ah:j| ^-a. dh^^'^^oii sf^^ §Me s 

^^6F^ xnaiah^ fedi sJ^m i^ie&^oii uHximoi ^^a^ ^ei^ ohm^>:: ci^Maioioii 

m^^^ sj^, EBFOIW fedl ^ai^ ^^^^Oll SJe^ CI4^^ TFT 

Ahpi p4.o| Tpjoj LH ip^ 0.1 GHz 01 sJ^M ^^m^ TFT2I D\\0\^ 

2j °t ¥iHi^ 500A oia^om, se^oi iovm m^m ^^^\^ tft°i :hioim 

°| ^3011^ 1000a OI&^o] 2g ^S^^ oh^^ oH^^:^^ P^MailOL 

s^ir 8 

Q4^oj -A.A.^^ p4,o| iHioie^ oi Q4.o| TpT^ ^0\^ Sl^ahOI ^^£Jfe OH^^^ s\^9\ , 

^^^e ^em^ :ii^<iii Hdfoitfi mm. ^ ^oi ihioim^mm ^esf^ :HioiM<y hbfoiw mmm 
^a]£ si^m^ Hdhoitii si^2f, 

xHaiaffe feai ii'it^^^oii bHximoi q^^si^ ^mei^ ohm^>^ p^^^Maioioii 

SiOiAH. 

m ^^£iDi, 

^Ol P^^Hj TFTOI!^ H^m TFT£f HUi^^ TFT:?^ ^AlOil ^AH6HI ^§^^ 5^ 
9 

x-ii 8 i>^oi! 2io^A^. ^mm tft°i :hioim le^ei^i ei soda oishoin, -y:?! :iilh2^ 

TFTSI ^lOlM ^2^^^^ 1000A Ol^^ei 2g ^S^^ ^El^ OHM^^ CI^Mai 

01. 

S^S 10 

^^<:!j. Ef4^2i >ilOIM^ S TFTM ^Oi£ S^^oFOl sfri: OHM^::^ H^2f. 

±^^m ^em^ HEFoibi mm ^ :>iioi^iym ^^m^ >iio!^<m EdFoiw mmm 
^o\^ ^^o\^ Ha^o|t}^ mm9\. 

Ha^oiw u^M ^mo\D\ ?ioHAH <M^£f m± mm^^^m if^^ smp s 

xHEim^ ^ai mmm ::'ie^^oii uHximot ^^£i^ ^ei^ oh^^'^ c1:^mbiioioii 

2^0] AH. 

^oi m±L OH^^^ mm, ^^\om mm ^ ^ai mm^ ^s^m i^^^ ^ai^ ^^^^oii O4^oj jfj 
m ^^£iDi. 

OHM^:!^ mm, Ea^oiw mm si ^ai mmm ^^m^ a4-^ ij^oii^ ^n^^ ii / 
SE^ e^^ ^^o\ om ^oi£ 2e^°i sjsph s^^si^ m^^m ^eih ohm^^ Ei^^Mai 

01. 

S^S 11 

o^9\ no\m^ ^ a4-°i tftm ^oit si.^moi ^^a^ m^ m^^d^i ^^2f. 

4^1 4:^<ys ^§5^^ Ea^oibH mm ^ y^mm^m 'y\\o\m^ nahoibH mmm 

^o\^ Ha^oltH mm9\, 

EahoitH mmm ^mk^ mo.^ m± mm^^^m s^^s^ m^ §mm s 

i>^m^ ti^m x^^m^ ^ai ij^m j\^^m uHxit^ q^ieih ohm^^ ^ shs ^eis dh^ 
D\^m cHi^a^oi ohxisj^ k\om ^^^mm ^^9.m g^si^ ^eim ohm^:^ 
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Maioi. 

S^§^ 12 

Q^S\ 04^21 :HIOI^<m ^ 0^9\ TFim ^OiS S^^mOl ^^SJ^ Ifri: OHM^^^ sJ^2f. 

Ah::ii ^em^ ±±M Ha^oim ii ^01 :hioim<m^ ^esh^ :Hioi^<y Hd^olw m^m 

^CH£ 5i^6f^ HdmibH £j^£f, 

HdfOIW sl^M ^e6F:?l ?l5HAi <M^2f OHM^>:^011 §SM S 

^ri^ j\Bo\\ o\^^mo\ bHxi£j^ cHtr a^oioii mx\m ^^^^ ^eim ohm^ 

^ Elr^MaiOIOil SiCHAH. 

^^D\ m^^dii Hd^oltH ^ ^ei sj^^ ^Eie ^'■^'■oii a^^nj tft 

^O! ^El^ ^^^^m ^^CH g^t- SE^ ^^CH Ui¥^ ^§ ^x^:?!- ^^^^^ 3 

^£^0^ 9111, 9HE|CH0j| 9JiO\A-\ ^g^o^ B^SOIEHH ?}^m 4^ ^S^^ gH£|^ OH 

ci^iMaioi. 
s=?m 13 

a4^2J 0-4-21 DWOl^^ S a4=2i TFTM ^Oi£ S^^mOl Sf^ DHM^^ sj^2f, 

A^jl ^^5^^ >^A.^ HEmitH ^ ^01 :HloiM<yM ^^eF^ :HI0|M<y ^E^OIW sJ^M 

^CH£ Si^a^^ EEfOlbH U^2F, 

HEhOIW sISM ^gapt ?joHAH ^QeV ^Iil^Sf m± DHM^^¥Oil Sf^^ gSg S 

<M^s xHEim^ ^Ei m^m :?i&&^oii bHxi& ^eim dhm^^ 6H& ^eih ohm 

□i>^ahOj bHxisjfe cHif Amioii ^ssm ^^^^ ^eih ohm^ 

^ EI^^MBllOIOil SiCHAH. 

TFT°1 AHM:^5i!^H N xH^S TFT ^ P xH^g TFT 60 UIXl lOOmV/decadeei ^ 

S^S 14 

>^>.^^ Q4.o| :HioiM<y ^ o^sa mm ^oiSE si,^5K)i ^^a^ ghm^'^ sj^£f. 
Ah:7i ^e5^^ ^E^oltH ^ :HioiM<Mg qp^6^^ :hioim^ ^e^oiui 2\^m 

^0]£ Si^ah^ HE^OItil 

HEmiW ^^aP! ^oHAH <ym£f 4^:11 0HM^':^¥01I S^S^ §SM S 

^mm x^^m^ ^ei sJ^m §^ d\b^^o\\ mx\^ ^eih ohjm^'^ ^ 6h& ^ei^ ohm 
^ ci^saioioii aicHAH, 

^^D\ QHM^>^ sIM. HE^O|ti^ i! feEl 11^^ SS^M i^^^ ^Eie ^^^jOII °j£^ 04°l TFT 

4^:?| 04^21 TFT2I BD\^, 6H& TFT^ ^^£l^^^:?h Q^^^ m^0\\ caEUH QB 

^=?m 15 

a42j Q^9^ ?\\0\^M ^ P4=2| TFTM ^0\5: Sg^mOl OHM^::^ U^2f, 

4::^<ye ^em^ HEfoitfi sj^ ^ 401 ihioim^m ^§a^^ D\\o\mM m^m 

^0\E: ILmm^ HEhOlbH ^^2F. 

4^::'i EE^ibH m^m ^eapi ?|oHah m± ohm^^¥oii 2^£J^ m^^ m^m s 

i^a^^ <M^M xHEimfe ^ei sj^m :'ie&^oji mx\^ ^eim ohm^^ :?iEh §y 6h& ^ei^ ohm 
^'r^ I'lshoii Qjgmoi bHxj£jfe Q\m DiBsi A^o|oll mx\m ?^^m ^ei^ ohm^ 

401 m^^± a^. ^E^oitH ^ ^ei sIm^ ^s^m i^^^ ^Eie ^^^^oii sjei p^^i tft 

P4-2J TFT2I xHy ^01 / :>j|o|e lc^Q|oj m ^JHI^. P4-2I TFTS US 
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16 

ii\ 14 m M 15 m o\}=^ eh ^^011 s^cHAH, m^D[ s^a^^ ^^ol&^ ^11^4^ ^ 

S^S 17 

Q4.o| Q^9\ >ilOIM<y ^ TFTS ^CH£ S§.^5K)1 ^^£|^ sfri: OH^^:^ 

^oi ^ea^^ 4::±:<y HB^oiw ^ ^^i^i :HioiM<ye ^ea^^ :HioiM<y H£^o|ti^ u^m 

^ois Ha^oitH sj^2f, 

EShoibi si^m ^eapi ^iohah ^q^^ <Mm2f ^oi if^ oh^^:^¥oii sira^ sf^^ §ss 5 
::'i&oii cHi^mo^ uHxig^ oiif A^ololl o^jgee mxim ^ei^ oh^^ 

nw^^d^ m^, HEhoitH ^ ^ai m^^m ^ai^ ^^^loii c\^^ tft 

^Ol TFjoj LH, ^§ ^^4^:*^ 0.1 GHzOI^^ sJ^S ^^^^ TFT2| IHIOIM l^^^^l 

500A oimom, 2^01 10VS m^m ^^m^ tfthi :hioim ^^^^ 

2J °| ^^1^ 1000A 014.^^1 3im m^^^ ^heIM OH^^r^^ P::^M£il0|. 

s=?m 18 

P^oj >^>.<M, p-^oj :}i|0|^^ oi c|4.o| jpTg 5!CH£ Si.^a^01 ^^£1^ sfdL OH^^:i:i 

Ayji :A,A:<Ms ^^a^^ HdmitH ^ 4^:?i :hioim<hs ^^aF^ ?iioim<m ^a^oitH m^m 

^Oj£ 5i.^aF^ EEFOItH si^a. 

E^foim m^m ^eapi ?iohah aes^ <ym£f m^L qh^^^¥oii smb s 

^^a^^ xHdim^ fed! a^B ::'i&4^oii uHxie.^ ^eim ohm^:^^ sy 5H& ^eim ohm 
::'i&K)]i □ifmoi dHxi£j^ a\m d\&9\ mo\o\\ ^mmm mx\m ^^^^ g^a^ ^ei^ dhm^ 

^ Pr^MBilOIOil 9JiO\M, 

sf:^ DHM^::^:: si^, HdhOltH SIM i! ^£1 UM^ IS^g ^ El S ^^^^0|| °| P^2J TFT 

Q^9\ TFToii^ n^m =?mm tft:qf nme^ tftijf ^aioii ^xHam 91^ ^§^m a^ 

^PM QHM^:^:: CI^MejIOI. 

S^S 19 

HI 18 soil 2io^A^. ^y:?! ii^nh ^gg tft°i :hioim m^^'9\ °^ ^jjii^ 500A oiamm, nme.^ 

TFT°I :HI0IM R ^7)11^ 1000A oi^oi 3je ^s^m aF^ ^ei^ dhm^a p^sbii 

01. 

20 

Q^9\ Q^9] DWOl^M ^ P4=^ TFTS ^Oj£ SS^ahOI s}:^ m^^^ sJM£f. 

Ah;;! ^^^s ipgsF^ HdFOIbH ^M ^ 4^:'! 7i|0|M<yM ^^ah^ 31IO|M<y E^fOibH aJMM 

^oi£ sirm^ EBmim ijM2f. 

^^J\ EEFOim ^MM ^eaPI ?|5HAH geth y:?l lf4i 0HM^^¥01I air£i^ m^' §ss s 

§>^ah^ Mm.m xnaia^^ ^ei m^m §^ :'ie4^oii ohm^^^ :'i& ^ §h& dhm 

::'iEhoii oii^aFoi oHxisife aim d\B9] a\o\o\\ mx\m ^^^m §^£I^ ^hei^ qhm^ 

^ P^^SaiOIOII SiOIAH. 

2g^oi pe ^oj£ 2e^°:i m^:f[ sssi^ 5im ^s^m ah^ smei^ ohm^:::^ P:::^M5II 

01. 

m=?m 21 

M 2 i,^ LHXj I-ll 5 X-ll 7 M 8 10 HI 12 & UXI HI 15 E^ HI 17 E^. HI 18 1>^. HI 

20 m ^ Oli^ eh &Oli ^LOiAi. y::)! ^^'S, CH^^ SSm:HI. 5Et[, ^^l^^S 3^11 

QICH ohpi ggol St^^^OI g^S^ ^§ D[X\11 91^ 

M ^PH oHM^^ p^^saioi. 

22 

HI 1 m UIXI HI 5 HI 7 m. HI 8 §>^, HI 10 i>^ HI 11 1,^ LUX! HI 15 m, HI 17 i>^ HI 18 ih. HI 

20 & ^ oliir eh soil 2ioiAH, 4^:>i P4=£i TFTM ^^m^ m^m m ^01£ zHy g^ g^^. XH^ 
^01 ^^S3f 4^::'i ^Ei^ sm^M ^^a^b 5Eb eg °icii §y ^§£1 ^^soi ch^^ m 

xia^ffl, EEgh, ^01 ^^suf xHa ^ ^^ifoiiAH oi^^ss D[x\^ ms^^ ah^ shei^ dhm^ 
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^=?m 23 

x]\ 1 m uxi M 5 ir. HI z xi\ s i,^, xii io en hi ii §r mxi hi 15 hi 17 hi is i,^, hi 

20 e Oiiri 1,^011 SiCHAH. -feOI ^4=^ TFTM ^^Shfe m^B m ^CH£ xHy 21^ 
^^^o^ ^S^^ 61-^ 2HEJ^ OH^^^ QI^MeilOI. 

24 

HI 1 S UIXI HI 5 i^. HI 7 HI 8 IT. HI 10 m. HI 11 UiXI HI 15 1^. HI 17 i>^. HI 18 ST. HI 

20 m m oiizz e[ 1,^011 9Jio\k\, ^^D\ eoii^ m^mm ^mm^ mm ni. Fe. co. 

Sn. Pd. Pb. Pt, Cu. AuS^EH 1g 0^4^ ^^21 11^:?^ Si^SJH, oH& ^OH ^^°J 

1x 10''atoms/cni^ Oimoj ^§^^ affe ^liEl^ DHM^^ CI^MBilOI. 

25 

HI 24 i>^Oii SiOIAH, ^^D\ ^SsfM ^S5h^ ^OH Sl^fe. Ni (U^)ei m^9.^ 9»E\^ OHM 

P::^MaiO|. 

26 

HI 1 & UiXI HI 5 HI 7 HI 8 HI 10 HI 11 & LHXI HI 15 i>N HI 17 HI 18 1,^. HI 
20 g Oiiz. e^ i^Oil SiCHAH, -^^I^l ^£|^ «|Q|eOj|fe CI, F. Br^^Eri dl^^ ^m 

^^:)[ IX 10'^LHXI IX 10^atoms/cm^^ ^S^^ oijEI^ DHM^r^ P^Meil 

01. 

27 

HI 1 m UXI HI 5 %\ HI 7 i.^. HI 8 IT, HI 10 %^ , HI 11 1.^ UIXI HI 15 1.^, HI 17 HI 18 1^. HI 

20 i,^ m i^oii s^o^ah, ^^di q4^9\ inm =^^o\^ rn^mn^ d\\o\^ m^^'s\ ^\\^o\\^ ci. f. 

Br^¥E1 1^ EE^ HfeS^ ^HI6^^ ^S^^ o»EIM QHM^h'^^^ 

P^iMaiOI. 

28 

HI 1 LHXI HI 5 i^. HI 7 i>^, HI 8 HI 10 t^, HI 11 m UiXj HI 15 1^, HI 17 HI 18 m, HI 

20 %y m Oi^ ^^ i^Oll SiCHAH, ^^:?| DHM^'^ fij^^ QHM^r^^^^M ^4-2] af^^ S«o 

^ ^^£101, oHS S^OIIfe 2DW Ol^^Si TFT# ^l^^M S^e[ ^^^^ 

£ muHj TFT:?^ ^bi£joi ^go^ 2he|M DHM^>i P>::MaiOI. 

29 

HI 1 1^ UXI HI 5 HI 7 S. HI 8 &. HI 10 HI 11 & LHXI HI 15 HI 17 E^. HI 18 1>^. HI 
20 m Oi^ t[ 1,^011 S^OIAH. ^01 DHM^^ Si^^ DHM^^^^o^ P4^°l 

^3£J AfOIOII 51g ^S^M 2he|M DHM^:::^ P>^M5II0|. 

S^S 30 

HI 29 1,^011 siOiAH, M^Dh^iB^ :'H^¥M :'^xi^ ^:'i^ 4^xm^2j ^ojj s^Ejoi 9111, ;h 

S^S 31 

HI 29 1,^011 SiOIAH, ^yj\ ^^M^ HiS. EEeh, SOI! ^^£I01 ^S^^ 

oiiP^ DHM^:±: Pr^MBIIOI. 

s=?m 32 

HI 1 m LHXI HI 5 H! 7 HI 8 EN HI 10 HI 11 1,^ UiXI HI 15 HI 17 EN HI 18 EN HI 
20 E^ ^ Oi^ E^OII SiOIAH. ^^D] DHM^'^ ^^^^ P4=^ TFT2J 3:^1^, E£^0| 

W sjM feai sJMM TFT2] LH, ^Oi£ i:iH^ TFT^ €}B ^S^^ 

oijP^ 0HM2:J^ P>;:MaiOI. 

33 

HI 1 E^ LHXI HI 5 EN HI 7 EN HI 8 EN HI 10 EN HI 11 & LHXI HI 15 EN HI 17 EN HI 18 EN HI 

20 s g m mow sioiAH. iy:»i ^ai sj^^ah ?|^^ uiii):>i, lpf (mibi^ mE\), vco (se^ hioi^ 
^^si::'!). ^Mm ^A^g ^eji, DM^WE-i, i/osm, ^M^lII^olo^, 

^ttiaioiiif g^M^mmioi, gneiioiEi. oiisai m ^o^£ i:»H2j sj^::'^ 5E^£I^ 3im m^^^ oii 
PH OHM^^ p^Maioi. 
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